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‘Avelin ~& Porter, L. 


RocHester, Kent. 

(Branch of Agricultural & Genera) Bngineers, Ltd.) 

STEAM ROLLERS. ROAD SCARIFIERS. 
CONVERTIBLE TRACTION ENGINES 

AND ROLLERS. 766 


TRACTION BNGLNBS. TRACTORS. 
STEAM CULTIVATING MACHINERY. 


Y 2trow & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 
SPEEDS UP 45 MILES AN HOUR. 


TO 45 
PADDLE OR SCREW STEAMERS OF 
Bxosprionat SHattow Draveut. 


_|Repairs on Pacific Coast 


by YARROWS, yo as Victoria, British ae 
Columbia, T 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


-j ohn ellamy, Limited, 
MILLWALL, LONDON, B. 
GENERAL OonsTRUCTIONAL ENGINEERS, 
Boilers, Tanks, & Mooring Buoys 
Struts, Perro. Tanks, Arm RecEIveRs, STEEL 


OCurmneys, RIVETED STEAM AND VENTILATING PIPES, 
Hoppers, Seec1aL Work, Reparrs or ALL Kinps. 


121€ 


0 ples Limited, 


BERS, IRLAM, MANOHESTER. 
FEED WATHH HBATERS 


CALOR BRS, BV APORATORS, 
CONDENOBHS. wk BH BATERS Parents 
STBAM awn GAS KETTLES. 
Merrill’s Patent t TWIN STRAIN 
u ms, 
SYPHONTA sTHAM REDUCING VALVES 
M INGS. 


T 
UNMBETAL STBA 
ATER SOFTENING and FILTERING. 5723 





A. G Mord, T t4. 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY ayD Wak OrFice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches. 
BOILER FRED PUMPS. 

See Advertisement, page 33. 

PATENT WATER-TUBE BOILERS 
AUTOMATIC FEED REGULATORS, 
And Auxiliary Machinery as supplied to the 
Admiralty. 2 


.: “SONDELA.” P.O, BOX 559. 


~ "J, B, Pate 


M.1.Mech.B., M.A.1I.M.E., 
CONSULTING ENGINEER, 


Pretoria, S.A. 


Industrial. 
ranes.—Electric, Steam, 
pata!” fete da and HAND. 

and sizes. 


all 
' GEORGE rus BLL & CO, 
Motherwell, near Glasgow. 


STEEL TANKS, PIPBS, GASHOLDERS, &c. 


IT Thos. Piggott & Co., Limited, 
RMINGHAM. 7410 
See Advertisement last week, page 136. 


Pp lenty and 
LIMITED. 
MARINE ENGINEBRS, &c. 
Newsury, Hyeuanp. 





8038 


Mining. Mechanical. 





Lrp., 








on, 





ank Locomotives. 
Specification and Workmanship equal to 


Main Line Locomotives. 
R. 4 W. HAWTHORN, LESLIE & CO., Lep., 
GINEERS, NEWCASTLE-ON-TYNE. 7260 


((ochran MULTITUBULAR AND 


GROSS-TUBE TYPES. 
pee page 17. 


Bowers. 
7263 


Petter Oi ees 


Manufactured by 
i. PETTERS Limirep, Engineers, Yeovil. 


“Qpencer-F opwood” Patent 


Sole Makers : Boilers. 
W. H-SPENCER & OO., a Herre. - 
See page 7454 


Tt neible (J8use (j lasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Od 9753 














119 °¥ achts, Launches, or Barges, 


(\ampbells & Hyer, L 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 





Built. complete with Steam, Oil or Petrol 
Motors; or Machinery supplied. Od 3551 
VOSPER & OO., Lrp., Broap Street, PorTsMou rH. 


FOR ‘ 
rop Forgings 


write 
GARTSHERRIE ENGINEERING & FORGH . 
50, Wellington Street, Glasgow. 


1 Pel “A ppliances. 


PRESSURE, 
SYSTEMS {att 
STHRA 








FOR BOILERS OF ALL TYPES. 
Kermodes Limited, 
35, Tux TEMPLE, ae Srreet, LivERPoot ; 


109, Fewcuvrcne Street, Lonpon. 
NAVAL OUTFITS A SPECIALTY. 


ocomotives Tank Engines 


- ed an 
MANNING, WARDLE AND ND COMPANY, LiIMIren, 

yne ine Works, Leeds Od 2487 
See their Illus. Adv 


4078 





248 
ent, page 147, last week. 
RAILWAY AND TRAMWAY ROLLING STOCK. 


H= Nelson & (., | Ps 





MoTHERWELL. 


“Pete” Brand grarsnanin@aLLoys. 
Sheeta, Wire, Tubes. 


"thw Banta SMTAL CO mes 


8. Gaauxwicn, LONDON, 8.8. 10 Nae Birmingham) 
Cc ‘OHARTERED 


Oo k a 4 PATENT AGENT, 


1, Great James Street, Bedford Row, London, W.C.1 
T. N.'4515 Holborn. 7605 








Hery Butcher & Co.. 


VALUERS anp AUCTIONEBRS 
to the 
ENGINEBRING AND ALLIED TRADES. 
ALSO FOR 
PLANT axnp MACHINERY. 
68 and 64, CHANCBRY LANB, W.C. 2. 


6391 





Manchester. 
Filectric r[tansporters. 


S. H. HEYWOOD & O0., LTD., 
; REDDISH. 


8143 


By lectric 
(UP TO 35 TONS.) 


Lpits 


8143 





j uller, Horsey,Sons & Cassell, 


SPHOIALISTS 
im the 
SALE AND oor 
PLANT AND MACHINERY 


and 
BNGINBERING WORKS. 


1}, BILLITBR SQUARE, B.C. 3, 


8. H. HEYWOOD & OO., LTD., 
REDDISH. 
[ihe Glasgow Railway 


eerin Company, 
GUVAN, iw. 
Otfice—12, Victoria Street, 8. w 


MANUFACTURERS OF 
RAILWAY a. WAGON, & TRAMWAY 


CARRIAGE & WAGON IRONWORKS, also 
CAST-8 -STEEL AXLE BH BOXES. 7312 





Iron and Steel 


Tubes and Rape 


he Scottish Tube Co., Lid. 
» OFFicg : 84, Robertson Street, Glasgow. 
See Advertisement page 107, Dec. 12. ~ 


W. MacLellan, Limited, 


& 
Zz. CLUTHA WORKS, GLASGOW. 
Maxur 


ACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES,ROOFING,&c. 
Chief Offices: 129, Trongate, Guaseow. Od 8547 
Registered Offices: 1084, Cannon St., London, B.C. 





Tus Guascow RoLiine Stock AND PLANT Lbgee 





and 


[['ubes Fittings. 


Stewarts and Lords, L 


Glasgow and Birmingham. 


See Advertisement page 132. 1268 
CARBON 


Oo Pieats DI-OXIDB 


for Chemical Wke., 1 ones Water Mfrs., ag 
and all other — ArraTors LrD., 109, 
Victoria St., 8. Pranspark, London.”). 


F.A. Fire ]{\xtinguishers 
LS Sodese Pe Acids. No Alkalis. 


Safe to use and always ready.— Brirrisu Fire ApPui- 
ancEs Oo,, Ltd., 108, Victoria St., London, 8.W. 1. 


ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, LzapFwHa.t 8r,, B.C. 3, 
Works: Buanr Mit, —_ Hakiow, ‘Besex. 











seguenting — Fyn om 


Feed Waver 


lee. 

Water Distillers. 
Main Feed Pum 
Combined Circulating and Air Pumps. 
Auxiliary Surface a 


Plants. 
— Making Machinery. 


1726 


ement.—Maxted & Knott, 
Lrp., Consulting Cement Enginee ADVISE 
GENERALLY on on. proposed Oement Schemes FO 
BNGLAND AND ROAD. ADVICE ONLY. 
Highest references. ished 1890. 
Address, BuRNETT AVENUE, HULL. 
Cablegrams: '‘ Energy, Hull.” 


CHANTIBRS & ATELIERS 


A veustin - NJormand 


617, rue de Perrey—LE HAVRB 
(renee). 


7991 





Deter, T Boats, } Yachts and Fast name, 


and Submersible Boats. 
NORMAND'S Patent Water-tube Boilers, — or Ol! 
Heating. Diesel Ol Engines 


Rubber 


Valves and Packings 





MANUFACTURERS 


GUTTA PERCHA & sas ene ecagsesaps 


Y atrow Patent 


ater-tube Boilers. 
1168 
YARROW & igh pase my the 

PRESSING snd MACHINING of the various 

of Yarrow Bollers, such as the Steam ‘Drane 

Pockets, and Superheaters for British and foreign 

Firms not having the necessary facilities. 

YARROW & CO., Lep., Scorsroux, GLASGOW. 


Matthew pa & Co. LL: 
Levewrorp Worxs, Dumbarton. 71689 
See Pull Page Advt., page 82, Deo. 12. 
Foreines. 
We 67s oe 


(Chains (Electrically Welded or 

hand made) for all pergeses; also Chain Fit- 
tings, Rings, H Ssives, hackles, &c.; Pulley 
om use wii re Rope or Hemp 
on Smithwork and One es or 


artists “Reliable quality fits (Bradley Hen Heath, 


Limited, a, Omdiey Heath, Staffs Bi ted 


[eylor & (jhallen 


Presses. 


TAYLOR&CHALLEN, Lo. , Hngineers, BIRMINGHAM 
See Full Page Advertisement, Dec. 14. 














8195 





ailway 
G witches and 


(jt ossings. 


T. SUMMERSON & SONS, LIMITED, 
DaRLiIneTor. 


Tue Giaseow Rotiine STock aNp Piant Works 


urst, Nelson & Co., Ltd., 
ulldersof RAILW AYOARRIAG BS, W A WAGONS 
BLBCTHIO CARS and EVERY OTHER 
or RAILWAY asp bene phate f ROLLING ST STOOK, 
Makers of Wuexts and 





ion Office: 14, Leadenhall Street, H.C. Od 3382 


M achine and Engineering 
ia biactarer of all Geen ee 
~ a Patentees, Also repairs 
Bea a moderate —ROSSER 
& e'GSSmLL Lap eon’s Wharf. 

ENT AOT.—Rossen & Russext, Lia., lo 
are prepared to the manufacture of articles 
at present made to hear 
from firms desiring such work execu 








Toronto 
CGrenes. 


Eiteesste.- 


8. H. HEYWOOD | & OO., LTD., 
REDDISH. 





wabanaiee 
abroad, and will be 
9211 
ocomotive 


_ [iraversers 
(BLEOTRIO). 


— 8143 
8. H. HBYWOOD & OO., LTD., 
REDDISH. 





R Y. Pickering & Co., Ltd., 
. (HeTaBLisHeED 1864.) 
sai auibaimaneieecs satananant aocns. 
MAKERS of WHEELS and AXLES of all hinds. 
RAILWAY WAGONS FOR HIRE. 
Chief wee and Offices : 
WISHAW, near GLASGOW. 

London Office : 

3, Vicronra StaeeT, WeeTminsrer, 8.W. 


Dredgize Piant 


OF ALL DESCRIPTIONS. 
FLOATING CRANES. OOAL BUNEBRING 
VESSELS 


Werf Conrad, ) HOLLAND 
Agents: MARINE WORKS, Lrp., Friars 

30-41, New Broap 8r., LONDON, 4.0. 2. 
See half-page Advert. last week and next 





iesel Driven Generators, 
400-500 Kw., D.C., 500 or 250 Volts, 350 
R.P.M., in excellent condition. Low price. 
Engines and Dynamos could be sold separately. 
Also TWO 500 Parsons TURBINES, 


Kw. 
230 Volts, D.C., complete with Spare Armature 
and Condenser. 


JENNINGS, 
West Wallis, Newcastle-on-Tyne. 7969 


Consiga 
Pot (Cassels & Wf illiameon, 


MOTHERWELL, SOOTLAND- 





—- 7940 
See half-page Advertisement page 98, Nov. 28. 




















ENGINEERING. 








[the Manchester Steam Users’ 


Fer the of Steam Dullsr Rxplodions and 
't of Bconemy in the Application 

ef Steam. 9, Mouwr Srrezr, 
ened aia e B. STROMEYEE, M10 M.1.0.B. 
m of Balahy sued andar the Fuotory and 
say Com: or Damages 
a UPiies pata ta case Explosions. Bnugines 
lers inspected duri ng construction. 1479 


the National Foremen’s 
ASSOCIATION or THE 
BNGINBERING AND ALLIED TRADES. 
(Registered under the Trade Union Act.) 





An Association formed t> look after the 
interests of Peremen on thete ey ae pees ern es 
All —o oor 

REID 


Head 
$1, Hi Holborn 
% ” General | Secretary. igi 


London, W.C.1, 


Notional Union of Scientific 


ORKE 

19, Toth Street, Tendon, 8.W. 1. 

All t tance of 
Scientific Posts, and ad in the Government 





services, are earnestl URBSTED to COM 
MUNICATR with the SECR ARY of the Union, 
in order that the salary offered may be com 
—_ the scales set up by certain institutions 
employing scientific workers, and approved by the 
eminimam sane salary approved 
oy persons qualifird for membership in the Union 
is £270 on the basis of present prices, rising to not 
less than £450 after five years. CO 378 


es C.E. Exams.—Over 300 


Kanga Shr rere Coaching. Several 
now prepared. S pect- 

[eastons yor Quantitien A few 
Address, 7444 Offices of ENGINEERING, 


(Sorrespondence Courses for 
B.Sc., Inst.0.8 rer, ALL TECHNICAL 
Exams. Special Co ‘Bingle Subjects. 
Fees moderate.—For = ulare ly to 
Mr. TREVOR W. PHILLIPS, B.Sc. Honours 
oe A.M.1.0.B., &c., 8-10, Trafford ‘ord Chambers, 
Geach’) John Street, ‘Liverpool 8071 


nst. O.1., 1. Mech. E., B.Sc., 
and sill Regeesies 5 ugstinattonn, —Mr. G P. 
KNOWLES, B M. O.B., F.8.1., 
M.R.San.1., PREPARES GaNDiDaTus personally 
or by correspondence. Hundreds 
Courses may commence at any time. pay Victoria: 
St., Westminster, 8.W. 8072 


and Surveying. .—Courses 

are now being held by D. 8. MALDEN, 
suitable for those taking be: work in land or 
abroad. New Courses 
tus, apply 46, Central ine Upper Norwood, 8H 19, 


nst.C. E.&Inst.Mech. E.} Ramee 


~—A Practical Bagineer, A.M.1.0.B., &o. (re- 
cently demobilised), has now resumed coaching for 
above by CORRESPONDENCE, after 11 nue 
highly successful pre-war ex eparate 
subjects may be taken. Excellent testimonials, 
Fees moderate.—C 90, Offices of ENGINEERING. 
LD spies Special Classes. 

me & Aero- be Alternati 


i ay 














Wireless Oourse, 
Pract, Mather we “Sado BNNL TONS, 
University Tutors 954, Oxford RA. Manchester. 


M®. Laud or Mr. Lord, who 
was with R. A. Lister & Co., is 


ted to 





“| Section, Charin 


~ ae pe 


MINISTRY OF ph lg 
BY DIRECTION OF THE DISPOSAL BOARD. 
(PLaytT xp MACHSNERY Seorio0n.) 


Fa Sale by - Public Tender. 


OIL STORAGE TANK. 
Oil aS ae of Siemens-Martin Steel equal 
to Lio BO ft. diameter by 30 ft. deep, 
At aise aan aes 4000 tons, with Pump and 
S ler House, yse.00 a, Hut, bn Storage Tank 
approximate lons sone on concrete 
foundations, Hose eds Oil and Water Mains, 
Valves, ete., seestee ona ore at King George Dock, 
near Saltend, Hall, on property of the Bell Joint 
Dock Committee. 
rt wee vend ya fications can be seen, and 
s obtained from 


further nd tender form: 
THB NTMOLLEE. D.B.1 _ Pateed Machinery 
Cross ment Buildings, 


Cross, W.C. 2. 
Tenders for the above close on January 8th, 1920, 
(Revised date.) Reference G. 1419. 
Norr,— For particulars of other Government 
ae y for Sale, see Surplus, price 34., at all Book- 
stal . or by quarterly pice) tion of 2s. pm free, 
Riintstr 2 to the Director of Ass 
ry 0 


Munitions, Whkehal! Place, 8. wna 
~ STEPNBY BOROUGH COUNCIL. 
BLEOTRICITY. SUPPLY. 


A.—BOILERS AND BOILER-HOUSE 
ACCBSSOR 


iC ¢ 
B.—TURBO-ALTERNATOR, CONDENSER, 
ACCESSORIES AnD SWITCHGEAR. 


The Syme | Supply Con Committee of the Stepney 
Borough Council invite 


nders from Responsible 
Contractors fer the CARRYING OUT of the 
FOLLOWING WORK at the Council's Limehouse 
and Erection com- 


tation, vis. : 
(a). The Manu 8u 
lete, of "two Wate -TUBE BOILERS, 


gether with na oe omisers, 
and other Accessories. 

(b) The Manufacture, Gene ly and Erection of 
one 5000 Kw. T Alternator, with 
Condenser, Accessories and Switchgear. 

Copies of the General Conditions, ibe obtained 
Forms of ~s and Drawings may be obtained 
from Mr, . P. Tapper, M.I. » Borough 
Electrical og Ineer and ony a We. 71, a 
Street, Whitec Se BR. 1, ee of a dep 
of Five Guineas for each seeti eposits w 
returned to bona fide coederens. ‘after the Praia he. 
have been considered by the Council. Additional 
copies, with drawings, m+y be obtained upon pay- 
ment of the sum of one guinea, which will not be 
returned. Copies of cm specifications and drawings 
may be inspected at the above-mentioned address 
by appointment. 

Tenders, on the forms suppligd, endorsed “ Tender 
for Section A” or “Section B,” as the case may be, 
must be delivered, signed, sealed and addressed to 
the CHAIRMAN of the HLECTRICITY 8UPPLY 
Ay be at No. 27, Osborn Street, White- 

1, B. 1, not later than 12 O'CLOCK NOON on 
fae January 

The Counail ~y- not bind themselves to accept the 
lowest or any Tender, and the acceptance of any 
Tender is subject to the sanction of the London 
Oounty Council to the necessary loan being 


obtained. 
GHO, W. CLARKE, 
Town Clerk. 
Munici gaan 
15, Alte ‘8t., BE. 1. 


10th gesemnber, 1919, O 339 





write to H. F. THOMAS, The Doune, Elstree, with 
reference to the Lister Bruston Engine he erected 
at that address, C 357 


TENDERS. 
MUNICIPAL OOUNCIL OF JOHANNESBURG. 
CONTRAOT 945. 


‘ealed Tenders, endorsed 
* Contract No, 945,” will be received by the 
TOWN CLERK, Tender Box, Municipal Offices, 
Jobannesburg, not ag than Twelve Noon, on 
Wednesday, 26th May, 1990, for 
kt NS SION 


WESTE 
OF REFRIGERATING PLANT, 
Abattoirs, Newtown. 

Drawings and Documents can be viewed at the 
Council's London Ae, Messrs. BE. W. Carine 
and Oo,, St, Dunstan's Buildings, St. Dunstan's Hill, 
London, B.C. 3, and copies obtained on deposit of 


The lowest or any Tender will not necessarily be 
accepted. 
G. 8. BURT ANDREWS, 


Johannesburg, Town Engineer. 
17th November, 1919. © 362 


COUNTY BOROUGH « “OF WALEAY 8¥. 
GAS WORKS. 
TO MAKERS OF STRAM CRANES. 


The Wallasey Corp Corporation invite 


[lenders for the Supply and 
Deli atthe Gas Works, Wal , Cheshire, 
of 3Ton STBAM TRAVBLLING CRANE with 
GRAB, 4 ft. 84 in. Gauge Railway. 

Further particulars may be obtained on application 
to the Bugineer, Mr. H. CROWTH at the 
Gas Works, eTimekiin 1a Lane, Wallasey. 

Sealed Tenders, addres<ed to the. undersigned, 
and endorsed “Steam Crane,” to be deli per 
post, to my office as emg mes later than the 
morning of 3lst December, | 

—_ arriving after thas tims will not be con- 


The Contractor will be required to enter intoa 


bond with approved sureties for the due performance | Te 


of the Contract. 


The Cor tion do not bind themselves to 
the Sowest ar aay Tender, — 


H. W. COOK, 


Town Hall, Town Olerk. 


Wi 
12th 








« AGR R. 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(PLant aND Macutveky SEcrron.) 
Fe 


Sale, by Public. Tender, 
CHEMICAL PLANT. 

Continuous Plant for the pie ngpaces and Rectifi- 
cation of Sulphuric oe neteting 20 tons 
of rectified ether at 65° per 24 hours. 

Six Ether Equipments oi 21,000 . and various 
Accessories, Theapparatus installed in ‘bwe separate 
structures, forming two groups of three equipments 
each. uction of one group 120,000 kgs. 


The above plant is in fi condition, and is 
lying in cases un ed at H.M. Factory, Henbury. 


Tenders close 
wooD Tea D-LUN BS) BD TANKS. 
Sizes varyi ae between 3 ft. 11 in. ny y age by 
“or eg hae Lara Bg “we 
ae ay Factory, f. G.88. 
Tenders — Jan woo ant * ry a.m. 
OELLARBOUS LANT. 


Lying at Marine Mills (Albion Hill), Bradford, 


Machines, Hydro Extractors 

. Tanks of various sizes, Offal 

Press, Petato Receiving Reel, Fibre Extractors, Oak 

Cleansing Vats, Sirocco Fans, Potato Breakers, 

Three-tier Steam Jacketted Worms, Potato Grinders, 

Packt 4g Cylind dors, Pipes Sharing. hheye Belting 
ng Cy ers, ‘ x eys, Beltin; 

and other Accessories “si a “ . 

Tenders close 10 a m., Janu 3rd. Ref. G 1725. 

WOOD DISTILLATION PLANT. 
tored at H.M. 


tory, Carmarthen, s 
yee! Mid-Lavaut, on Longparish and 
eford. Plant com prises the follow 
“i of Retert Platework, cehaione with doors 
and frames; Retort Condensers, Tar Separators, 
A = Witcher ¢ Vapour Pt Corw 
pparatus, es, Cop; ‘apour Pipes, 
— aaete Seals for Tar ‘ar Separators, and other 
Tenders close January 6th, 1920. Ref. G. 406. 
Fall joulars of the above, 
naer ‘. permit to view can be obtained 
on the beg we ag - - le., 
be : ee JB yg 
nee y 


From 


regen ean 
a A 

iy wot Manttann, 
' 





BOMBAY, BARODA D CBNTRAL INDIA 
HALLWAY’ © COMPANY 


soe Petre os to receive up te Noon 
y, 2nd January, 


[lenders for the Supply of :— 
1, ee PLATES. 

2 BARS and FASTENINGS for 

Tenders must be made on eed copies of which 


MOL Pot Slee 
with specification a be obtained at these offices on 
payment of 20s. each (which will not be returned). 


The Directors do not bind themselves to accept | Offices 


the lowest or any Tender, 
8. G. 8. wOUms. 


ecretary. 
one, Sm, 110, Tey ET TTT E.O. 2. cen 


poeta HARBOUR BOARD, 
NEW ZEALAND. 





[lenders are Invited for the 
SUPPLY and DELIVERY of TWELVE (12) 
areas (and alternatively for Three-ton) SEMI- 
PORTA BALANCSD.-JIB, LEVHL - LUFFING 
BLECTHIO CRANES. 

SpxcrFicatTions can be obtained at the Office of 
Board’s Agente on payment of a deposit (returnable) 
of Two Guineas. —- can be seen only at the 
Office of the Board’s Agents 

Messrs. W. & A. McARTHUR, Lrp., 
18-19, _ es 
. te, London, E.0. 2. 

Tenders to reach Ansthow by noon on mg, — 
1920, addressed, The CHAIRMAN, Harbour Boa 
Auckland, New Zealand, 





a. R. 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(PLant aND MacuHivery SEcTIoN.) 


Ko Sale by Tender. 


OIL STORAGE TANK, 


Oil ty ao agg of Siemens-Martin Steel equal 
to Lioyd’s tests. 80 ft. diameter by 30 ft. deep. 
a ge gm ca ty 4000 tons, with Pump House 

Oi Mains, Valves, &c. 

Sttuate on a site near ALEXANDRA DOCK, 
HULL, on the pro 2 ras of the Hull Corporation 
and the Hull and —— Railway Company. 

Rn and fications can be seen, and 

es and tender forms obtained from 
THE CONTROLLER, D.B.1.e., Plantand Machinery 
Section, Charing Oross Embankment Buildings, 
Charing Cross, W.C. 2. 

Tenders rer the above close on January 15th, 1920. 

te. 


Nore.—For iculars of other Government 
a pe for Sale, see Surplus, price 3d., at all Book- 
stalls; or by quarterly yey sey of 2s. it free, 
ie in advance to the Director of Pap blicity, 
Rinitey of Munitions, Whitehall Place, — 


«. Bae * 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD 
(Dock and Wharf Equipment Section.) 


Fo Sale by Tender.— 


TURBINE-DRIVEN WINDING ENGINES. 


TENDERS are invited for the purchase of FOUR 
NEW TURBINE-DRIVEN WINDING ENGINES, 
each with four drums, on single shaft with inde- 
re clutches, each drum grooved to take 800 ft. 

in. cire. wire rope. Winding speed 100—120 ft, 
per min. with load of two tons on each of four 

Floor space 20 ft. by 7 ft. 

complete with Spares. 

present ying at Works of the —— 
Messrs. H. Wallwork & Co., Ltd., Roger Street, 
Manchester. 

—- meee = pautioes up to lst January, 1920. 
seen on application to the 

CONTRO LER, Dock Equipment Section, Caxton 
Besse, East Block, Tothill Street, Westmiuster, 





“nore, —For particulars of other Srroremes 
perty for sale, see Surplus, aon of é Fe all 

teste ls, or by quarterly subse 

free, payable in advance to the Deemer a of Puptiney. 
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A COMPLETE THEORY OF THE SCREW 
PROPELLER WORKING IN AIR. 
By M. A. S. Rracu, F.R.Ae.S., Assoc.Inst.N.A. 
(Concluded from page 603.) 
GrRaPHIcaL APPLICATION, 

Ir will have become evident from the foregoing 
analysis that with a little generalisation and 
extension the method developed may be made the 
basis of a process of design purely graphical in 
character in such a way as to practically eliminate 
the usual computation necessary. 

It will have been noticed that the final stage 
of the design proper, apart from the drawing out of 
the complete propeller, consists in finding values 
along the propeller blade length of the product :— 

Chord blade width x absolute lift coefficient of 
blade section, considered as an aerofoil. 

and, when found, of accommodating these values 

so as to obtain a rational form of blade outline 

for the finished design. This automatically fixes 


_P/Stp Formula 


= 


= - £3.200.H 
1p.D*V? 


Lay (Iy)(6-3y~ 628 





the correct “angles of attack” al, to employ fo 
all radii, and hence the true chord angles ¢z, by 
adding to each “ angle of attack” its corresponding 
“slip angle’ Al, already determined. 

In fact, by this method of design, we virtually 
reverse the older and usually accepted process of 
choosing initially certain arbitrary values for the 
“angles of attack” along the blade length, and, 
having chosen them, of accommodating the blade 
widths, chord angles, and slip velocities to suit’ such 
conditions. The reasons for this reversal have 
already been stated ; if we are to design on a torque 
as distinguished from a thrust, basis (and this is 
the correct basis to employ scientifically) the work 
necessary is enormously simplified by this alternative 
procedure of, as it were, “ working backwards.” 

We require, then, to determine the values along 
the blade length of the product : 

b. Cy. 


The following is the method adopted for deter- 
mining the characteristics of any to be designed 
airscrew :— 


NorTaTIon. 


Brake horse-power at airscrew shaft. 

Diameter of airscrew. 

Forward axial velocity. The flight velocity of 
the aircraft relatively to the air. 

Mass/density of the fluid (air). 

Axial slip of airscrew (constant for all radii), 
satisfying thrust. 

8/V = slip/velocity ratio. 

Circumferential velocity of any blade element 
= 2.7.0.2. 

Revolutions per second of airserew. 

Transverse slip at any radius, satisfying 
torque. 

= V/n.D = Effective pitch/diameter ratio. 


vy! = Gliding angle of blade section at any radius, 


cot yt = (5) considered as an aerofoil, 
r 


Al= ‘Slip angle’ at any radius. 
= ‘Angle of attack’ at any radius, 
Chord angle of blade at any radius = Al + al. 
— Any radius from boss centre of airscrew 
Total length of airscrew blade. 
N Number of blades. 
b = Chord blade width at any radius, 
Cyl= Absolute lift coefficient of blade section, at 
any radius, considered as an aerofoil. 
Total airscrew efficiency. 
Axial thrust of airscrew. 
_ _13,200.H | ,_ N.b.oyl.(2+y) 
7.p.D2,Vs 2.ZDy.(1+p.y) 


_ 1,765,000 .H . ‘ 
= = WI in Ib, ft. sec. units. 


al 
¢ 
€ 








APPLICATION OF CHARTS IN Design Work. 


Knowing the values of the following—H, p, D, 
V, Z—calculate value of 3. In the pound-foot 
second system of units, p = 0-00238. : 





1. From Chart I, read off value of y corresponding 
to value of = and value of Z chosen. 

The value of Z is usually fixed by the circum- 
stances of the design. Occasionally, however, it is 
in the power of the designer to settle. If the exact 
value of Z in any case does not fall in one of the 
curves, take the nearest value given. The varia- 
tion of = with Z is quite small. 

2. From Chart II, knowing the values of y and Z, 
find the values of A! corresponding to each ¢ value 
shown on the curves. Make a table of these values 
of A? and «. 

3. From Chart III, knowing the values of y and 
Z, find the value of A for eache value, tabulate 
values of A found, under corresponding values of 
A! and « as in (2). This gives the value of the 
product (b.Cy') for each « value along the blade 
length. Tabulate these values under « as above. 

4. From Chart IV, page 810, the efficiency of the 
airscrew may be read off immediately knowing the 
values of Z and =. Or, it may be read off the alterna- 
tive chart, from the values of y and Z. (Chart V., 
page 810). 

5. Finally, tabulate the foregoing results under 
values of «, thus :— 





‘5 | 6 


eps eo de 2|-3|- 
foe Set 


Al ee se | | 











b x Cyl . > at | eB 


| 
i { } | 














It then only remains to choose some suitable 
shape of blade and to accommodate the blade 
widths 6 at the several radii to conform with the 
values given in the table of b. Cy’. By a trial-and- 
error process, suitable values of 6 and Cy are 





found, whence the values of a’, the angles of attack 
co to the Cy' values, are immediately 
determined from the wind-channel results of lift 
coefficient plotted against chord angle of incidence. 
beat thus add a further four rows in the above 
table :— 





€ 
rs 


db. Oyl .. 
b ) 


_——_— 














Accommo- 
- dated values 
Cyl to suit. 











al 




















From wind- 
channel results 
Al+al=@ . 


























It is seen that the chord angles ¢ along the blade 
length are now found, and the chord blade widths 
and types of blade sections suitable at all radii 
are also known. The design may now be regarded 
as finished and ready for the drawing office. 


Quart N° Blade Width Formula. 


47'€2Z.(2+ ) , 
o~Tente® Es yh TR » whew: 


) 


Nb. cy.’ 
“ZZ: by (7 
10 


- 
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a= 
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‘D --—---->4 
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fhe. 





' 
' 
/ 
| 
= 


(6054.F ) 


At the radii near the boss, the values of 6.C ¥4 
given from the table may become too large 
to employ. This is not a serious matter, as this 
portion of the blade does little useful work. It 
is better to merely “run in” the blade sections 
near the boss. 

The efficiency read off the efficiency chart will 
be too high. This is due to the loss of thrust in 
the central boss portion of the airscrew. To find 
the approximate efficiency of the airscrew in any 
case, multiply the value found from Chart IV by 
the fraction : 

d \2 
1. (+) , 


where D is the outside airscrew diameter, and d is 
the diameter of the “ boss portion,” i.e., the portion 
of the blades near the boss, see Fig. 4, that are 
usually cowled off or otherwise rendered ineffective 
in producing axial thrust. 

Chart IV, on page 810, indicates 
efficiencies, and is useful qualitatively. 

In this system of airscrew design, the slip velocity 
8S is made constant along the blade length. This 
is not in any way an approximation, it is a perfectly 
legitimate process of design. Since the portion of 
the blades near and including the boss cannot be 
made to produce the requisite slip velocity produced 
by the working portion of the blades, on account 
of structural difficulties, there is bound to be a 
loss of axial thrust in this region, and this accounts 
for the fact of the efficiencies given by the chart 
being higher than those realised in practice. Since 
the fraction : 

d \2 
'- (>) 


varies in different designs and types of airscrews, it 
cannot be calculated generally for all cases. It is, 
however, a very simple matter to calculate it for any 


Ld ideal ” 
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given design, knowing the boss cowling employed 
or other obstructions such as radiators, &c., in the 
axial flow. If, for example, the efficiency given 
by the chart is, say, 0-85, and the propeller diameter 
9 ft. with an “ obstructed area” of 3 ft. diameter, 
the effective efficiency will be : 


:85 Xx (2 -(3))- 85 xX >= 


or 75} per cent. efficiency. 


-755 


EXAMPLE OF EMPLOYING THE CHARTS IN A DESIGN. 


Required to design an airscrew for an aeroplane, 
having a 200 brake horse-power motor, a flight 
speed of 100 miles an hour, and an airscrew revolu- 
tions of 1,100 r.p.m. The limiting diameter being 
11 ft. 





H = 200; D= 11; V= 10) x bad ~ 147; p =-00238 
. 13,20 x 209 = 
= x 00238 x 121 x (1478 
wise 5 XS . .w. 
aD 1,100x 11 


Take Z = 0-7 as the nearest value, and read off 
the value of y from Chart I corresponding to a = 
value of 0-92, and a Z value of 0-7. 
This gives : 
y = -114. 
From Chart II, make the following table :— 
| a | 561] 6/7] 8] 9 





€ - 8 10 








dg.m jdg.m. 


dg.m.jd¢.m |dg.m.jdg.m./dg.m.|dg.m./dg.m. 
../50 40/30 15 


Al 31 28/26 6 |22 10)19 17/17 1 |15 13/13 46 





Taking an abscissa value of (2 + y). Z = 2-114 x 
0-727 = 1-535, taking in this case the correct 
Z value of 0-727. 

From Chart III, make the following table, 
since :— 





(24+ y).Z= 1,535 





2/3 “8 


‘378 


€ 


“4 6 6 


‘324 


7 
*295 


9 10 


ery 


Sil 


See -378 | -353 "268 |-245— 
































and, since : 
Son 





N.6.Cy!.(2+y). 
2.Z.D.y.(1+y) 
4.2.Z.D.y.(1+~y) 
N.(2 + y) 
b. Cyl = (.482). A with two blades. 
Hence :— 


. b, Oyl = 








€ “\— 3 


“182 


4 9 


118 


b. Cyl ..| 15 
| 








182 | 17 | 1 107 




















APPENDIX. 
From Fig. 3 and equations (1) and (2), on page 
361 ante : 


Tan Al = V+8/2 ‘ (1) 
C — @/2 
and 
& =tan(Al+yl)) . . . (2) 


. 


This gives, to the degree of approximation employed 

in the previous analysis :* 
o _V+8/2 
8 Cc 

Let N.8M denote the mass per second through 

any annulus. Then the brake horse-power necessary 

to turn the airscrew is given by (in pound-feet- 

second units) : 





+ tan y! 


N. [ ¢.C.6M 
555 
taken between the appropriate limits. 


H 





and the whole available jet area is usefully employed. 
At the same time this volume may be represented by : 


=: D?.(V + p.S) 


ignoring any sma | rotational effects, where V+ p.S 
is the hypothetical velocity at a section of the 
stream having a “disc area” equal to that of the 
propeller. It is important here to notice that 
this is-not necessarily the same as the velocity 
of air immediately in front of the propeller disc, 
otherwise p would have a value of 3. V+ p.S 
is the velocity immediately behind the disc, where 
the type of flow generated has acquired a definite 
cross section. Thus: 





z De. K?. (V + 8) = (V + p.8)=.De 


7 


ard 


K2.(V+S)=V+p.8 
when V=0, p= K2. 


Hence for a propeller working “statically,” 
like a fan, the linear coefficient of contraction of the 





TaBie I.—Serection or Cy! VaLvurs. 





** Boss Portion”’ 





From this table it is a simple matter to choose 
suitable values for b and Cy! at the several radii 
along the blade length represented by «. In Table I 
annexed the selection of Cy! values is arbitrary, 
and is given to indicate the method and results. 
The values of @ are taken to the nearest quarter 
of a degree. It is not feasible to attempt to work 
to closer limits than this in the manufacture of the 
airscrew in the shop. The values queried at «e = 0-2 
may be made anything convenient for manufacture. 
Sin radius 
vei half diameter 
0-55 of a foot along the blade length or at every 
6-6 in., which is closer than would be actually 
necessary with this diameter. It is seen, therefore, 
that the « series of curves more than fulfils its 
object, giving in fact more points along the blade 
than are actually required. 

The efficiency of the airscrew is seen from Chart 
IV, to be: 


we are working at every 


83.2 per cent, 


of which the effective efficiency would be, allowing 
a 0-9 value for the “ cowling effect,” 

75 per cent. 
approximately. 

It is seen that the whole process of design need 
not by this method occupy more than about a 
quarter of an hour in time. In this example the 
airscrew has two blades, more blades being in this 
case inadmissible for reasons of strength. 
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In order to be able to evaluate this it is necessary 
to find an expression for § M, the mass per second 
per element per blade. 

With a constant slip propeller, the volume of air 
engaged per second may be measured by : 

— ot Re tF 4. 8) 


where K is the linear “ coefficient of contraction ” 





* A closer degree of approximation may easily be 
obtained if necessary without introducing the complete 

uadratic for ¢, which, as already demonstrated in the 

st part of this paper, is undesirable analytically. The 
present approximation is correct to within about 2 per 
cent. in the worst cases. 


slip stream is equal to ,/ p. Experiment indicates: 
that for air K has a minimum value of about 0-8 
to 0-9, making p vary between 0-64 and 0-81. 
The author suggests tentatively a value of 0-75 
for p. The charts (I to V) have been calculated for 
p=1. The variation, due to variation of the 
value of p, is for most cases quite small, but becomes 
of extreme importance in the cases of the fan and 
helicopter. For this analysis we shall retain p, 
without assigning to it any definite value. Thus 
the relative axial velocity will be (V + p.§), and 
transversely (C — p.a), although the value of p 
is here of much less importance. 





Assume the whole of the available space to be 
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completely filled with fluid, i.e., “ saturated.’* | and: 


Then the depth of fluid engaged by any element 
of blade will be : 
) cos 6 


(~ +p.8 
n.N 
where @ is the angle of the relative velocity of 


departure with the plane of rotation. Also: 
Tan 06 = (5725) 
C —- p.c¢ 


Hence : 
a ar os p.62.(V+p.8)2 
n.N. tan 6 

where 6 z is the radial increment. 

Hence, since C = 2.47.n.2, dC=2.9.n. dz, 
and 
dC 
7. 


dz= 





2 n° 

so that : 

p.dC.(V +p.8)2 
N.tan 0.2.2.n2 

+ gM = 2:2C.(V +p.8).(C - p.o) 


2.7.n2.N 
So that, substituting for § M, we find : 
550.H = 0-/4C.(V +p-8).(C- 
Y.m.ne 


Now we are going to make S constant for all 
radii, hence : 


5M= 








p.c).¢.C 





65).H= 





Pp y 8). a. 
Po (V+e. )- fo. dC, 


neglecting the term — p.o compared to C, since 
the error introduced by doing so is very small. 
Now substituting for o, from : 


» 
“. 











< = V+E? + tan yl 
we get: 
w.n.D 
550. H = Pp. (V + ».8}.8s. \@.4c. 
2.7. nt ” 
t) 
V+ 8/2. tony 
Cc 
9 
eT SV +P. 8) V+ 8/9). 0 
where 
.n.D.tan yl 
$o01+.5:3,5.._ 
(V + 8/2) 
or writing 
y=—. =. 6=4.7.tan yl, 
n. 
we got 
13,200. H 6 
—————e, EY. 1) e -}64+3. p> 
w.p. D2 Vs , ( “7 v) [ y+ >] 
Hence if 
z= Jom v1 = sie H in lb. ft. sec. units. 
T.p. ‘ ° 


We can write : 
z =¥. (+ py). [643.9 + + | 
for a first estimate p has been taken to be unity. 


This gives the first chart, taking tan +' = 0-05 
Chart IT is obtained from the relation : 





Tan Al = V+ 8/2 nearly, 
Cc 
V+y-V/2 _ V.(2 +9) 
3.7.8.2 4.4.0.2 
Now put: 
e=7 = 3-8 and .*. tan Al = _V-(2 +9) _ 
K D 2.¢7.".D.e 
*, Tan Al = 2:2 +4) 
Swe 


from which Chart II has been obtained. 
The efficiency of the airscrew is obtained from the 
relation : 


T.V Pais 
550.7 
or: 
as T.¥ 
550.H 





* This is a permissible assumption to make, because the 
flow has now acquired a definite character and cross-section. 

t Since tan y! is in the nature of a correction, it is 
sufficiently accurate to assume it constant for all radii. 
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from which Chart V has been obtained, taking 
tan y = 1/20. 

The efficiency may be obtained in terms of H 
instead of y, by combining these two formule if 
necessary, as in Chart IV. 

We have still to determine Chart III. For this 
purpose, it is necessary to equate the aerofoil 
and momentum thrusts at any radius. 





Before doing this, we will determine an expression 
| for the volume of air passing through the airscrew 
per second when V = 0, and the airscrew is working 


| like a fan. 
| Call this volume @, then : 
TnDd 
j* 
0 
? = + . D2. (V + p.8), nearly, 


(V +p.8)_ 


N 
=> feu = 2.3. nm 9. 4-60 





} 
| and this should be multiplied by a fraction k less 
| than unity to allow for the boss losses already 








811 


or, as a function of A}, 








T=N.8.foM = S.p.(V+p.8).f(C — p.c).dC ye 2— Zoo" oy 
2.m.nk vi 
from which it is easily seen that the Cy formula 
at TT , rn 
T= o.-—- .8.(N + p.S) nearly. takes the form : 
Hence : N.b.Cyl.(2+y) _ 4.92.2. %.(2+y) i 
“qd aa & 2.Z.D.y.(i\+p-y) [4-38.&+2.(224y)] 
; > 
ty otal” from which Chart III has been obtained, where : 
1 V+8242/8.".n.D.tan yl A=; a oe aw . 
7 = i and the variable is Z . (2 + y), and the value of p 
1 + y/o + 2/3. m. tan 1. (=) has been taken as unity. 
6 This completes the main analysis. The point to 
7 = @ where 6 = 4.#. tan 7! notice is that the method, if rightly understood, 
6+3.y+ 7 is quite elastic and does not depend upon the 


validity or otherwise of certain of the minor assump- 
tions made. The general scheme of design evolved, 
with the object of reducing calculation work to a 
minimum, is perfectly general and can be applied 
to any alternative method of assessment. 

In conclusion the method is applied to the 
problem of the helicopter flying machine. 


Tue SOLUTION FOR THE HELICOPTER. 
Let total weight of flying machine per lifting 


| screw be W, and the total brake horse-power 


available per screw be H. Let V be the steady 
velocity of ascent. 





Then : 

w.V aw 

550. 

| W = 550. 2 
H Vv 

ene eae 
V+8/2+u.".D 
where 




















mentioned. Thus, when V = 0, w= 2/3. m7. tan y! 
k ll 2 2 ” = 1 
= p. 7 + B.S, Vv V+s2¢n.0.D 
heies that : Thrust per screw = p. +. D2.(V + p.8).8.K = W 
s-_*:-® 4 
p.k.mw.Db2 
And, also : V+ a/ ve + =f. 
2,200. H se [8 2/3 D : _ '_w-p- De. K 
tra * [= + 2.4m. -tan >| 2p 
eee Fy : 
2. [@ 41/8. p.b. 92m. D3. tan 7? | V.(4.p— 1) 44/ ve + 
- . V+8/2= o-) = 
} _ 275.H. p?. ks. 12. D4 4.p 
4.) = 2,200. p 
|Or in pound-foot-second units, the units here| q = wes 16 Ww 
4.p.p.n.D+V.(4.p—1 Vie linen 
| employed, oO i TE V w.p.D@.K 


2. [#+@.8).p-b.m. DS. tan *| 


from which @ may be found in any case. 

In the same way the “ static” thrust of an air- 
screw, when designed to have a constant slip at 
V = 0, is given by: 


= 285,000.H. D4. p2. 23 
| 


Ts < .w8.n2. D4. tant yl. p.k. p.T2 > 


+ as -H.B.2n2.n. D3. tany.p.p.T — 
- 302,500.H?.K5.D2.p.p.mr = 0. 
Where T is the “static” thrust. This expression is 
the fundamental formula for the helicopter. 
We return now to the evolution of Chart III. 
The momentum axial thrust per element per 
blade is : 
p.dC.(V +p.8).(C —p.a).8 
2.m7.n8.N 


and the aerofoil axial thrust per element per blade is: 


; (V + 8/2)2 
1 » a Ss bent 
Cyl. p.b.dX. Tal 





- cos Al, (1 — tan A}. tan 71) 


so that, by equating these two, we get: 
4.m.X.ein Al. cos? Al. [tan Al — tan A] : 


N.b 
es V+p.-8 ‘C—p.a 
¥ (v3 a) ‘( c-¢ ) 
; 2 

and this is the standard formula, deduced by the 
author in previous papers, multiplied by a correction 
factor y. Taking p=1, for the basis of chart 

assessment, the value of y is nearly equal to: 
(v5) 
V + 8/2)" 


Cyl = 
Where : 


¥ 








Ww 
and (5, ) is a maximum when V = 0, for all 
values of D and n, so that for “ hovering "’ flight, 
when V = 0: 
Ww 
H 


550 = 

1 w 
w.n.D+ —. 

D Ve, 


It is now evident that some particular value of D 








exists for which (a) is a maximum. In other 


words, it appears that there is a certain limit to the 
diameter of the lifting screw at which the weight 
sustained per brake horse-power is a maximum. 
Since n is an independent variable, this is simply 
the condition for finding a minimum value of the 


function : 
n.D 1 es 
itteetit® ia wT. p.k.p 


when D is the variable. 
It is easily seen that the value of D, making 


w , Phe 
(s ) a maximum, is given by : 


a 


Ww 
Buen w.p.k.p 


and the maximum value of (=) is; 





( Ww ) 550 

H max. = 9 re Ww t 
"> (——) 

Example.—Required the most economical 





diameter of lifting propeller to sustain a gross weight 


| of 1 ton, at 60 r.p.m. 
| 
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Take tan y' =005, .. » =0105, n= 1, Mr. G. T. Walsh, some time Chief Engineer, 
W = 2,240. Let K=1, p=1. The value of | Feet | 6 8 | 10 | 12 | 14 | 16 | 18 | 20 P.W.D., Madras Presidency, states from experiments 
p is 0-00238. made at the Godavery Irrigation System Head Works 

1 2,240 z a 3-09 |1-74 |1-113|0-773|0-568|0-435/0-344/0-278 | with lime obtained from the sub-trappean lime 

. “o DE me ee = x 0.00558 stone (almost a pure lime) and surki made from the 
: z = 3:0% |1-335|1-0 |0-802/0-668|0-573|0-500|0-445)0-400 | River Godavery clay deposit ; that when concrete 

“. D = 72 ft. had to be laid under water at once 1 lime by 

And : ** Ideal” | measure, 2 surki and 1 sand made the best mixture 
. (7) = — Remay oA | | for the mortar. But 1 lime, 1 surki, 1 sand; or 

H 3 x 0.824 x 23.4 IV, nearest 1 lime, 1 surki and 2 sand made good mixtures 

(Ww ee value. .|0-81 0-825)0-83 0-825|0-82 |0-81 |0-79 |0°78 | when a few hours can be allowed before sub- 

(x) = emo we 1 — 12:1. |0-664 0-811|0-879 0-916]0-938|0-953|0-963/0-970 | mersion. Surki mortar composed of 1 lime, $ surki, 

and D2 1} sand is excellent for foundations in water or 
“. H = 615 b.h.p. Working | damp soil, if allowed 24 hours before being immersed 

The rate of climb and “ ceiling ” of any helicopter | *eleney [0-54 |0-67 10°73 /0°755)0-77 |0-77210-76 10-795 | or covered up. 
flying machine may also be easily calculated, by 


suitably applying the foregoing theoretical results. 


Nore ON VARIATION OF PLAN Form OF BLADE 
with VARIATION OF Prrcw Ratio. Fig. 5. 


If we regard the product: Z.(2 + y) as twice 
the “pitch ratio” of any propeller, then it is a 
simple matter to show that, for any value of “ pitch 
ratio,” the value of A varies along the blade length 
represented by «. Fig. 5 is obtained from Chart 1IT 
by taking several values of twice the “ pitch ratio” 
Z.(2+-y) and plotting values of A to a base of «. 


Calling (5 ) the “ pitch ratio,” it is at once apparent 
from Fig. 5 that each curve defines a particular 


gq. 5. 


4 











3 
2 


: 0-Z-(24y 

(6054 "e ” 
variation of 4 along the blade length of the pro- 
peller. And further, since A represents the product 
b. Cy’, this variation of 4 with ¢ will represent the 
blade width outline curve of the propeller for a con- 
stant value of C y' along the blade length. Hence, 
for the purpose of comparison of similar propellers 
of varying pitch ratio, we can say that Fig. 5 shows 
the types of blade width outline necessary to secure 
an efficient propeller for different values of the 


“pitch ratio” + . Small pitch ratios demand a 
propeller with tapering blades, the maximum 








width occurring near the boss. Large pitch ratios 
require a blade having the greatest width near the | 
blade tip. 

These deductions are known to be true in prac- | 
tical airscrew design. | 

It is a simple matter to determine the position of | 
maximum 4 value along the blade length, and also | 


its maximum value. [f 5 ) be the “pitch ratio” 
already defined, then : 





0 
ays . J? 
gives the position of maximum 4 value ; and: 
2 
Auax = 7s = - 385 
3. /3 


is the value of such maximum generally. 

A rough approximation gives the further result : 
N.(b. Cy)max = (0°4).2.D.y feet. 
enabling the probable widest portion of the blade 
to be assessed in any case. The right-hand side 


is simply the quotient of slip by revolutions per 
second multiplied by 0-4. 


EXAMPLE OF THE UsE or CuHarr IV. 
Required to determine the most economical 
diameter to employ in the preceding example, 
where : 


H = 200; na tee, V = 47; 

and D was fixed at 11 ft. We now regard D as 
the variable, the revolutions per minute remaining 
constant. 


Consider a range of possible values of D :— 





The final row of values has been obtained by 
taking the “‘cowled area” of the airscrew to be 
3-48 ft. diameter. 

It is seen that the maximum working efficiency 
occurs at a diameter of about 16 ft., whilst the 
maximum “ideal” efficiency occurs at a diameter 
of about 10 ft. ©The former diameter is inadmissible 
in practice. 








MORTARS. 

In the abstract of papers in scientific transactions 
and periodicals issued by the Institution of Civil 
Engineers in its new series recently published, refer- 
ence has been made, under the head of “‘ Researches 
on Some Ancient Mortars,” to the use of burnt 
clay with fat lime. The use of pulverised burnt 
clay or brick dust with fat limes has been practised 
for centuries in India. This pulverised burnt clay 
is known technically as “surki,” and is mixed 
with fat lime to produce hydraulic mortar. 

2. Surki, or artificial puzzolana, is made from 
brickbats or clay specially burnt for the purpose. 
The clay is worked up into balls about the size of 
a man’s closed fist and burnt in clamps or in small 
kilns. Clays containing 10 per cent. to 20 per cent. 
of lime require to be heated to a small degree, and 
deteriorate by being over-burnt. Those containing 
little or no lime require to be thoroughly burnt. 
Clays containing a large proportion of sand are not 
suitable for the manufacture of surki. A good well- 
burnt brickbat is the best and cheapest material 
for the manufacture of surki. The artificial puz- 
zolana or surki thus prepared requires no further 
care, for the influence of air or humidity will 
not deprive it of its qualities. Surki before use 
should be ground to as fine a powder as possible so 
that it can be thoroughly incorporated with the 
lime. Surki should never be employed in mortars 
for any work of importance where water charged 
with salts is likely to affect it. Such mortar after 
appearing to set very satisfactorily, and the favour- 
able appearance may last even for three or four 

ears, has in course of time disintegrated. The 
advantage of combining surki with lime is best 
shown in the case of fat limes ; the more hydraulic 
the lime the less the advantage obtained by the 
addition of surki. In every case the substitution of 
surki for sand improves the strength of a mortar, 
makes it set more quickly and enables it to resist 
at once the action of water. In tropical climates 
the full advantage of surki is not obtained unless the 
mortar is immersed or kept moist for at least a 
month. 

3. The best surki mortar is obtained from a 
mixture of 1 surki powder, by measure, to 1 of fat 
lime paste. For rapid setting under water, 2 parts 
of surki powder are mixed with 1 of lime paste, but 
the mortar is not so strong as the first mixture. For 
economy 1 part of surki powder mixed with 1 of 
lime paste or its equivalent of slaked lime may be 
mixed with 1} parts by measure of sand. This 
mixture when set hard should be as strong as an 
ordinary well-burnt Indian brick. Sir P. Cautly in 
“ well foundations,” on the Ganges Canal Works, 
used 2 parts by measure of surki to 1 of lime paste 
for works below water, and states that it proved an 
excellent cement. For works above water he 
found 1} parts surki to 1 part lime gave good 
results. In the ’sixties Dr. Nicolson, of Madras, 
gave the following ingredients to make mortar for 
100 cub. ft. of concrete well rammed :—18 cub. ft. 
slaked shell lime (a pure lime) by measure, 27 
cub. ft. surki powder. 30 cub. ft. sand. 





4. From actual observations the following pro 
portions of dry mixture by measure to obtain 100 
cub. ft. of stiff mortar were obtained at Madras. 
The lime being shell lime (a pure lime), slaked to 
powder, and the surki being obtained from pul- 
verised brickbats. 





Proportion of Dry Mixture in 











Composition of Mortar. Cubic Feet. 
Lime. | Surki | Sand. | Water. 
1 lime, }surkiljsand .. 56-0 | 28-2 | 84-7 | 29-6 
1 lime, 1 sand, 1 surki ..| 48-2 48-2 | 48-2 30-2 








Tests of mortar composed of Madras shell lime, 
surki and sand in the proportion of 1:1:1, gave 
the following results. Tensile strength :— 

After 2 days kept damp 5 lb. per square in. 
After 7 days kept damp 19 lb. per square in. 
After 21 days kept damp 60 Ib. per square in. 
After 3 months kept damp 162 Ib. per square in. 

Immersed in water soon after the briquettes were 
made. After 21 days, average tensile strength 
164 lb. per square in. 

Kept damp for one day and then immersed in 
water for 20 days, average tensile strength 34 lb. 
per square in. 

Tests were made following the proportions of 
Vitruvius, viz. :— 

9 parts by measure of slaked shell lime powder. 
12 parts surki. 
6 parts gritty sand washed but not screened. 

Immersed in water after being moulded, average 
tensile strength after 21 days 224 lb. per square in. 
Maximum, 35 Ib. per square in. Minimum, 10 lb. 
per square in. 

Kept for 24 hours in air and then immersed— 

Average, 37} lb. per square in. 
Maximum, 45 lb. per square in. 
Minimum, 20 lb. per square in. 
A mixture suggested by Mr. Madeley, M.Inst.C.E.., 
Special Engineer of the Madras Corporation, is :— 
1 part by measure slaked shell lime. 
1 part cement. 
2 parts surki and 4 parts sand. 
Briquettes kept damp gave the following results :— 
After 7 days, tensile strength 65 lb. per square 


in. 
After 28 days, tensile strength 143 Ib. per square 
in. 

The advantage surki mortar possesses over cement 
mortar for hydraulic works in India, is that in the 
case where great tensile strength is not required the 
mortar is considerably cheaper and locally obtained. 
It has an advantage, in the case of large masonry 
dams, in that it is more elastic and therefore more 
suited for such works. 








Vatuge or Pxanck’s Constant h.—The value of 
Planck’s universal constant is about 6-5 x 10-7 Ne 
per second. From photoelectric data Millikan calcula 
in 1916, h = 6-57 + 0-5 per cent., and this value has 
generally been accepted as the most reliable. The 
calculations involve other constants, moreover; for 
instance, Millikan assumed the velocity of light to be 
300,000 km. per second, whilst 299,860 is —— more 
correct. In the Physical Review of last October, 
Raymond T. Birge, of the University of California, 
recalculates h by seven methods, with the aid of the 
most recent available values of the constants. The 
methods are based upon the Stefan-Boltzmann radiation 
constant ; the Wien constant cz; the Rydberg constant 
No by Bohr’s theory of atomic structure; Einstein’s 
photoelectric equation ; the quantum relation as applied 
to X-radiation; the theory of Lewis and Adams of 
ultimate rational units; and the quantum relation as 
applied to ionisation and resonance potentials. The 


average value arrived at is h = (6-5543 + 0-0025) x 10-2” 
erg per second. 
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RECENT MACHINE TOOL DEVELOP- 
MENTS.—No. VIII. 


By JoszrH Horner. 


Tables and Knees.—The circular table A, Figs. 
121 and 122, with tee grooves, for a vertical spindle 
milling machine, is typical of many. It is 12} in. 
diameter, is rotated by a worm wheel of 75 teeth, 
and 3 in. pitch, cut solidly with it. The table is 
surrounded with a broad and deep waste oil tray. 
It fits to its base B, that is bolted to the machine 
base, registered to it, with an annular seating seen 
dotted in Fig. 121, this seating forming the rim of 
the worm wheel and being bored with a taper of 
80 deg., to fit the corresponding annular part 
standing up from the base portion. The two are 
secured with a central bolt, and a broad washer C. 

Boring Machine Tables—The table, Fig. 123, 
for a vertical boring and turning mill represents 
one design among a rather large number. The 
bearing is a modification of the Schiele curve, but 
is more easily machined than that curve is. The 
ample lubrication provided is a necessary feature, 
where the loads are great. An annular well of oil 
supplies the wearing surfaces. Pads in recesses 
distribute the oil upwards. When it requires 
renewal, the sediment is drawn off through the 
horizontal hole seen at the left. The bearing is 
protected by the annular formation of the trough 
surrounding, which encircles the gear that drives 
the table. There is also a raised lip surrounding 
the bearing. The driving pinion at the right hand 
side is encircled, and it is also covered in with a 
thin plate. The spindle on which the table is 
supported runs in a deep boss, amply bracketed. 


} in. pitch is prolonged upwards, and enlarged at 
the top end into a shoulder, against which a brass 
washer makes contact. A plug which is fitted at 
the bottom of the central conical spindle runs on 
the opposite face of the brass washer. When the 
worm gear E, is turned by bevel gear through a 
shaft from above, the weight of the table comes on 
this plug, taking the load off the large bearing ring. 


A 





Fig. 121. 
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The entire casting with upper and lowér bearings 
is adjusted centrally with four set screws, seen 
in Fig. 124, and is secured with six 1} in. bolts. The 
upper journal is 24 in. in diameter, the lower bearing 
is 15 in. 

Tables for Grinding Machines.—Fig. 127 is a 
vertical section through the table of one of the 
Walker single-stroke, magnetic surface-grinding 
machines. A is the work-table. The face wheel is 
outlined at B. Both are surrounded and protected, 
the table with a deep tank C, the wheel with a 
guard D, attached to the machine framing, and 
having a lip that fits within the top of the tank. 
The annular rib a, cast with the tank, in con- 
junction with the rib encircling the table and 
projecting below it, and with the table support 
lying within and below a, prevents water and grit 
from coming in contact with the magnetic contact 
brushes and rings of the table. The small holes 





















































seen are for the purpose of ventilation. 
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A 
Fig.i24. . 
B 
a 
: . S he ic 
. ve f } 
: ae: = y ee 
| 7 ©. | 
| i "| 
! | . ad 
©} °} a ee 
a4 - M =~ |} = ie TL f 
H - 







































_—— BY \ 
SSS SS AS 


Vda, 


Ne 


(6080 C) 


screwed against the bottom end of the spindle. 
The employment of spur gears for driving is now 
nearly universal. In the older machines, bevel 
gears were often used. The objection to these is 
their tendency to lift the table. 

How a very massive table for a 32 ft. capacity 
boring mill, by Messrs. Hetherington and Sons, 
Limited, is built up is seen in Figs. 124 to 126. The 
table A, is 19 ft. in diameter, is cast in halves, and 
bolted together. The spur wheel ring B, of 230 
teeth, and 3 in. pitch, is registered to it. This 
rotates on a faced ring on the bed C, also of boxed 
design, cast in sections, and bolted together with 
broad facings. A section through a joint is shown 
by Fig. 125. Ample support is therefore afforded to 
the weight of the table and its work, at its extreme 
diameter. But, when the table has to be run round 
quickly, as when work is being set, or smal] holes 
bored, its weight is lifted off the annular ring bearing 
by means of hand-gear from the top of the table. 
A square-threaded screw D, 4} in. diameter, and of 
































D 

The lower end of the @nical spindle runs in a 
bush of cast iron served by a Stauffer lubricator, 
seen at the right, Fig. 124, and protected by a 
flange above. The friction washer is enclosed by 
an annular oil well screwed with a fine thread over 
the shouldered portion of the elevating screw D. 
Lubricant is supplied from above through a central 
hole from the lower part of the hollow spindle, 
covered. The upper portion of the spindle runs in a 
divided bearing within the bed. It is adjusted cen- 
trally with set screws. Fig. 126 is a plan taken 
through b— in Fig. 124, showing the lugs against 
the edges of which the points of the set screws make 
contact. The view, Fig. 126, shows the bore of the 
casting which receives the spindle, at its lower end, 
and the lugs and screw holes for the attachment 
of the bottom plate through which the elevating 
screw The circular flange by which this 
casting is attached to the bed, and to the upper 
bearing, measures 4 ft. across. Three ribs of Tee- 





section connect the flange with the lower bearing. | 














An example of a knee and table belonging to one 
of the Churchill large ring grinding machines is 
given in Fig. 128. The knee A, fits, and is adjusted 
vertically on the slideway of the main framing with 
vee’d edges, and a setting-up strip. It is elevated 
by hand gear from one side, through a pair of bevel 
wheels, actuating the vertical screw B, threaded 


in a bush in the foot. The sloped top face of the 
knee is imparted to permit of tilting the table down- 
wards and upwards for angular settings, to grind 
concave and convex faces. There are two pivots 
flanking the table on opposite sides, C. The 
tilting movements are effected by the hand wheels 
D, which being turned on the screwed stem lock 
each other on the screw, which is pivoted between 
lugs on the under side of the table. The degree of 
angle is read on a quadrant bar E, with a pointer, to 
10 deg. on each side of the horizontal. The table 
rotates on a large tapered bush, wear of which can 
be taken up with a circular nut below. It is rotated 
at a choice of speeds from a three-stepped belt 
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cone, with a reverse clutch. The drive is trans- | edges, each with a setting-up strip. It is elevated | the headstock for effecting rapid movements. 
mitted from the horizontal shaft below through the | with two screws that are turned simultaneously | Working in unison, the level of the table is always 
mitre gears seen outlined, to the vertical shaft F | through worm gears, enclosed in boxes, one set| preserved. The screws also serve as supports. In 


















Fig. 129 
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first. This is key-grooved to permit the shaft to 
slide through its mitre gear when the table is raised 
or lowered. The top of the shaft carries another 
mitre. The whesl which engages with this has 
adjacent on its horizontal shaft a spiral gear that 
mashes with a similar gear on a short vertical shaft, 
which also has a pinion that drives a spur gear G, 
of 80 teeth under the table, carried on an extension 
of the spindle that supports the table, so driving it. 
The table is made in two portions, the work-holding 
section above, and its combined seating and waste 
lubricant trough below. The rotating table has a 
return flange beneath, encircling an upstanding 
flange in the lower portion, to afford ample protec- 
tion against the ingress of dust to the bearing. A 
deep ring splash guard K, encircles the table, and 
passes down within the trough. Discharge pipes 
conduct the waste away to a tank. 

An example is illustrated, in Fig. 129, of the fitting 
of the table and parts for a Universal tool grinder 
by the Norton Emery Wheel Company, of Wor- | 
oester, Mass., U.S.A. The entire head is carried on 
a columnar base A, rectangular in plan, with a 
broad circular foot, and fitted with wooden shelves 
in tiers to receive wheels. The covering plate B, 
of the column, screwed down to it, is prolonged into 
deep bosses above and below, through which the 
stem C, on the upper end of which the wheel head 
is fitted, is adjusted vertically. A bracket D, below, 
carries the shafts of the mitre gears by which the 
head is elevated. These gears and the stem C, 
are actuated by the hand-wheel on the right hand 
side of the column, the edge of which is graduated, 
to be read by a pointer. The outer ring E, is pro- 
longed on one side into a bracket to receive the saddle 
of the work-table. The saddle is moved by its 
hand-wheel, also graduated. The saddle carries 
the cross-slide fitted with an upright vee, and an | 
inverted vee. On this is mounted the table slide | 
and table, which has transverse motion, and pro- | 
vision for setting to an angle. A machine vice is | 
shown mounted in place of the ordinary work 
heads. 

Horizontal Boring Machine Table.—A work-table | 
for a Richards’ horizontal boring machine, Fig. 130, 


requires very ample support in consequence of its | being shown in section in Fig. 130, the other in | addition, a vertical brace bracket is fitted, which 
great length, and measures to maintain it strictly | external aspect. Both worms are turned by a| can be slid along the bed adjacent to the location of 
level. The knee is adjustable on the vertical face | single horizontal shaft A. This is actuated by hand | the work-table. The brace serves the double 
of the headstock standard with square fitting|for making fine adjustments, and by power from | function of assisting to steady the table, and of 
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supporting the free end of the boring bar. The 
slots seen in the brace permit of moving the table 
clamp bolts vertically within a large range. The 
work-table fits on its saddle for cross movement 
with vee’d edges, and the saddle on the knee similarly 
for longitudinal adjustments. The cross-traverse of 
the table permits of boring a number of holes in 
parallel. 

Knees.—Much diversity exists in elements so 
simple apparently as knees. Each variation is adapted 
to the requirements that are associated with the 
elass of machine-tool to which the knee is fitted, 
as to a shaper, a milling machine, or a drill. In the 
same class of machine the practice of firms reveals 
marked differences in details. In all cases, the 





main framing to support the saddle and knee. 
Tongues on the saddle slide in the bolt grooves and 
maintain alignment, Fig. 131. The knee slides 
vertically on the face of the saddle, on which it is 
clamped with the four bolts seen in face view, 
Fig. 132. The elevating screw goes through a 
boss fitted by a stem into the saddle, and secured 
with a nut. The screw is turned from the front 
through mitre gears. The top, and one rectangular 
side of the knee—that which faces inwards—are 
provided with tee-grooves, the opposite side being 
curved. 

One of the knees of a Richards’ side planer is 
shown by Figs. 133 and 134. Two of these are 
fitted to the front face of the main framing, adjust- 





Fig.i33. 





Fig.134. E 





The fitting of the knee, Figs. 135 and 136, to a 
shaper is by the Selson Engineering Company. 
The knee ,is a box structure, having three faces 
provided with tee-grooves for work-holding bolts. 
It fits to the slide-way of the saddle for longitudinal 
feeding with a square edge above, and a vee below, 
with a take-up strip. 1t differs from the ordinary 
forms in having a bracing to sustain its overhang. 
The base of the machine is extended far enough out 
in front to receive a slotted support. A slotted 
bracket is bolted to the underside of the knee, and 
the two when bolted together form a rigid element. 
The long bolt slots equal the range of the vertical 
adjustments of the knee. 

A tilting table for a shaping machine by the 






















fe} 





overhang is the most obvious feature, which has 
been the reason for fitting numerous forms of braces 
where these are possible, and of supports—a function 
which is fulfilled by elevating screws, or by some 
form of leg. 

Shaper Knees.—The work-tables of shaping 
machines are, and have been, mostly of the knee 
form. But these have been developed in dimensions, 
outlines and details that greatly extend their 
utilities. Rectangular box-like structures, larger, 
and with more overhang than of old, receive support 
at the front, some are elevated with a screw, others 
with a rack and pinion. Very many now have 
provision for tilting to angles. Some can be 
rotated on a horizontal axis. “A good many are 
made readily detachable, to allow of bolting deep 
castings to the apron or saddle. 

One of the knees of a double Greenwood and 
Batley shaping machine is shown by Figs. 131 and 
132, being the left-hand one—the machine being of 
the traversing head design. The apron or saddle 
on which the knee has vertical adjustment abuts 
against the face of the main frame, as seen in the 
left-hand elevation, Fig. 131. It takes a bearing 
also on a facing strip which is bolted on the front 
of the legs, and extends along over both, making 
a connection between them. This facing resists 
the leverage of the knee. The upper facing on the 
main frame receives the four tee-head bolts entering 
the tee-grooves that extend along the face of the 
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able lengthwise. The longi- 
tudinal sliding is done by 
the saddle, on which the 
knee is adjusted verti- 
cally. The saddle takes 
three bearing faces, two 
on the upper portion against the bed of the machine, 
and one below that extends along the lower face 
of the legs. The saddle is guided by a tongue above, 
Fig. 133, that enters one of the longitudinal tee-slots 
in the face of the bed. Two bolts go into this slot 
from the saddle, and two below secure the saddle 
when it is set. The lowest contact face is for 
abutment only, to prevent the knee from yielding 
under pressure. The knee is guided vertically on 
the face of the saddle with strips entering the tee- 
grooves there, in which it is secured with four long 
bolts, Fig. 134, coming out to the front of the knee, 
Fig. 133. 1t is adjusted vertically by a lever on 
the squared end of the horizontal shaft, through 
bevel gears which turn the vertical screw in its 
bracket, seen bolted to the lower part of the saddle. 
Three faces of the knee are available for bolting 
work to. Both knees are used in combination for 
long articles, or singly for shorter pieces. A portion 
of the saddle and screw goes down into a deep pit in 
front of the framing of the machine. The knees are 
moved longitudinally along the framing by means of 
a pinion carried in the saddle, meshing with a rack 
cast in the face of the framing. These are not shown. 














Britannia Engineering Company, Limited, is shown. 
Fig. 137 is a front view, Fig. 138 a side elevation. 
From these it is seen that the base casting A, 
which moves vertically on, and is bolted against the 
vertical slide-ways by its broad foot and a guiding 
tongue, carries a body that is much narrower than 
the actual work-holding knee. This casting is 
provided with two quadrant slots in its walls, near 
the front. The table B embraces the faces of these 
slotted sections, and extends to the same width as 
the flange of the foot. It is pivoted on a pin, from 
the centre of which the quadrant slots (see Fig. 138) 
are struck. It is clamped with two bolts, Fig. 137, 
one in each slot. The heads of these are sunk flush 
with the working vertical] faces of the table. When 
in the horizontal position an abutment face on the 
underside of the table, Fig. 138, lies on a face on 
the supporting knee. The elevating gears and screw 
are indicated, these being actuated from the front 
in the manner that is most usual. 

Milling Machine Tables.—Fig. 139 gives a 
vertical section through the table and knee 
of one of the Universal milling machines by 
the Brown and Sharpe Manufacturing Company. 
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The knee, which is not shown in side elevation 
is of the form most commonly adopted—that 
of a cantilever, with its lower edges of approxi- 
mately parabolic outline. It is adjusted vertically 
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This example illustrates a good feature in much 
present-day practice, namely, that in al] machines 


where practicable, hand wheels and operating handles | by 


are located closely together, in order to save peri- 
patetic movements of the attendant. All the 
motions of the table are driven from gears (not 
shown), in a gear driving and reverse box, enclosed 
within the column of the machine. Thence, through 
spirals, spurs and worm gears, the two shafts, 
Fig. 142, are driven. The screw shaft imparts the 
longitudinal] feed to the table, the splined shaft the 
transverse feed to the saddle. These lie in rather 
close proximity. In early machines, a lever or a 
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shown). The cross movement of the slide on the 
knee is effected by the screw seen to one side. The 
upper bevel gears adjust the table, and reverse it 
through the double clutch. The table fits by slide- 
ways to the saddle, and in Universals has swivel 
movement on the knee saddle, through the annular 
tee-groove seen. 

Fig. 140 illustrates a method of fitting a screw to 
a knee which avoids making a hole in the floor for 
its descent. The boss in the base comes up high, 
and carries a bush for a deep nut which is adjustable 
vertically, and through which the screw passes. 
The weight of the knee is taxen on a ball-thrust 
race. In another design the screw is fixed in the 
base with a key, and the rotating nut has an exten- 
sion that comes up into the knee. 

The illustrations, Fig. 141 and 142, show a knee 
fitted to one of the A. Herbert vertical spindle 
machines. It is a closed box casting. Its foot 
extends to a considerable distance above the top 
face to give additional abutment, and wearing 
surfaces. It is fitted to the upright with vee’d 
ways, and is supported by the elevating screw. 
The saddle for transverse feed fits to the knee 
with vee’d edges, the table also with similar edges 
for longitudinal movements. 





hand-wheel was shifted from one to the other as 
often as adjustments of either were required. Here, 
two hand-wheels are permanently fitted, in the 
same horizontal plane. but they are located away 
from the shafts which they actuate by the inter- 
position of equa] spur gears. One gear goes on the 
shaft, and one on its hand-wheel spindle, with an 
idler connecting them, so that the hand-wheels are 
rotated in the same directions as the shafts which 
they actuate. A diagonal shaft turns the bevel 
gears that rotate the elevating screw. 








A NEW SCREW-MEASURING MACHINE. 
By Dr. P. E. Sxaw, University College, Nottingham. 
Introduction.—This is a simplified and improved form 

of a machine descri in ENGINEERING, January 24, 
1919, page 104, by the author. The principle employed 
is to measure the profile of an imaginary axial section of 
the screw (whether plug or ring). 
is instrument is unique in scope. It measures 
(1) the full depth of thread and the effective depth of 
thread both for plugs and rings, also (2) the pitch of 
lugs and of rings. The term effective depth is 
fined below. It will be clear that in an ideal screw, 
the effective depth is half the full depth. 
The full diameter (D) of a plug is measured indepen- 





me | by an ordinary micrometer; the core diameter 
(C) of a ring is measured by a special slide caliper or 
well-known methods. Let us call d the full depth 
of thread and e the effective depth, then :— 


The core diameter of a plug = D — 2d. 
The effective diameter of a plug = D — 2e. 
The full diameter of a ring = C + 2d. 

The effective diameter of a ring = C + 2e. 


The height of the machine shown in Fig. 1 is 16 in. 
This machine can deal with any plug of diameter up 
to 7 in. and any ring of diameter up to about 4 in. 
In order to measure larger plugs or ring it is only 
necessary to increase the height of the uprights carrying 
the centres, all the other parts of the machine remaining 
as shown in the drawings. For small rings a special 
small fitting is ai on the left end of the lever. 
There is no difficulty by this method in arranging to 
measure the diameters and pitches of small rings say 
1 or 2 B.A. 

Description.—A table 15, mounted on a pillar 14, is 
adjustable up and down, and is held in a position, 
on the end of the bed 7 by the clamping sleeve 10. 
The two uprights 3, 3—clamped to the by the 
stays 6, 6—carry a plug screw 1, on the centres 2, 2. 

On the table is a carriage 16, which can slide along 
the table in a line parallel with the line of centres. 
A lever 23, of equal arms, turns on the steel balls 21, 
22, which rest geometrically on the slotted and 
triangular holes shown as 21, 22 in Fig. 2. 

The pin 34 at the left end of the lever rests on the 
screw, whilst the pin 25 at the far end of the lever 
bears up against the flat foot of a dial indicator 19. 

As the carriage is pushed along the table top, the 
34 rises and falls on the profile of the screw. The 

ver is rotated correspondingly and the far end of 
the lever falls and rises, producing readings on the 
indicator equal to the depth of thread. 

For measuring a ring screw a good but light chuck is 
mounted axially on one of the centre pins, and the 
ring is held internally in the jaws as in Fig. 4. The 
table is in this case lowered far enough to bring the 
lever into a horizontal position when its left end bears 
on the screw and its right end is in contact with the 
indicator. , 

The following measurements are performed for plugs 
and rings in the same way. 

Measurement of Depth of Thread.—For measuring 
full depth of thread pin 34 is tapered so that when in 
the centre of the groove of the screw it makes contact 
at the core. 

But for measuring effective depth of thread a blunt 
pin is used of such diameter that when in the centre of 
@ groove it would bear on the flanks of a perfect thread 
half way down. The full diameter and the core 
diameter are in some screws not co-axial, so, for the 
most accurate measurement, it is necessary to measure 
depth of thread at two places, 180 deg. apart, round 
the screw, and take the mean. 

As larger or smaller screws are inserted between 
centres for measurement, the table is raised 
so as to arrange that in all cases the lever shall be 
used in a horizontal position. 

Measurement of Pitch.—For this purpose the machine 
remains as above described, except that the carriage 
may float on balls instead of sliding on feet on the 
table; also instead of reading the indicator a divided 
rule 29 is observed through a microscope 30. The 
microscope is fixed to the table, but the rule is sup- 
ported on the carriage. The rule is sub-divided to suit 
the pitch of the screw. Thus, for a screw of 16 threads 
per inch the rule is divided into 16 lines per inch, and so 
on in all cases. 

To measure pitch a blunted pin is used, so as to 
make contact on the straight flanks of the thread. 
The pin is placed in a groove of the screw and a line 
of the rule is brought under the cross-wire of the 
microscope by adjusting the micrometer head 32. 

Next the pin is moved one pitch by sliding the carriage 
along the table. The rule moves with the carriage, 
and if the pitch is correct the cross-wire will lie exactly 
over the next line on the rule. If not, the rule is adjusted 
by the micrometer head. This adjustment is a measure 
of the error, + or —, in the pitch. Proceeding thus 
it is possible to ascertain the pitch for the whole screw 
length. Attached to the micrometer is an arm (not 
shown), the end of which bears against a divided scale 
to show distances of 1/100,000th in. 

General Remarks.—The indicator is calibrated to 
1/10,000th in. by Johansson gauges, placed on a cylin- 
der mounted between centres 2, 2. Itis only necessary 
to calibrate a small length of scale, and this can be done 
accurately to one-tenth of a mil. The rule is calibrated 
against a reliable line standard. It should be observed 
that in neither depth nor pitch measurement is there 
any continuous micrometer movement. Thus the 
action is quick, and there is no possibility of inaccuracy 
arising from backlash or other error likely to occur in 
an overworked micrometer. A further advantage in 
the above methods is the small force with which the 
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bearing pin presses on the screw. The error caused 
by strain or wearing of the surfaces is thus avoided. 
The machine is self-contained, as shown. No replace- 
ment of parts is entailed in changing over from pitch 
to diameter measurement or vice versa. 

It is important to adjust the instrument once for all 
before use to ensure that the run of the carriage is 


accurately parallel with the line of centres; also so. 


that pin 34 shall lie accurately over the line of centres. 
The former alignment is attained by means of a guide 
bar (not shown). 

It will be observed that this measuring machine is 
simple in principle and very quick in action, and as 
such should appeal to the practical man. All the 
actions are sliding processes. We thus avoid the 
tedium, loss of time and error, arising from the rotary 
micrometer action which is found in other screw- 
measuring devices, whether mechanical or microscopical. 
In the case of pitch determination a large progressive 
error in a screw can be detected in a few seconds. 
The accuracy of the machine is equal to the highest 
standard required in gauge work, viz., about 1/5,000th 
in. on diameters and about 1/20,000th in. on pitch 
both for plugs and rings. 

Several methods—mechanical as well as optical— 
have been invented during the last few years. There 
are also microscopic instruments made for measuring 
plug screws. But the measurement of ring screws 
has not been developed hitherto. The present machine 
is universal, t.e., can be applied to a great range of 
diameters in plug screws and ring screws and in one 
instrument deals with both diameter and pitch. 

As to the diameters of ring screws, the accepted vogue 
has been the method of checks. This involves for 
any one ring the possession of a set of several checks. 
By the method of checks, whose virtues would seem 
to be simplicity and quickness, rather than accuracy 
or cheapness, the diameters can be found to somewhere 
between 0-5 mil. and 1 mil. Thus with possible error 
of 1 mil. the diameter of a ring can be ascertained to 
only about one-fifth the accuracy attained by ordinary 
methods for plug screws. 

This disparity—so long permitted in the past— 
between the accuracy attained in plugs and in rings 
cannot be endured. It is desirable to bring the 


accuracy in ring work up to the high level already | Co 


attained in the case of plugs. Further, the method 
of checks is costly to instal and maintain. Manufac- 
turers, no longer supported by the boundless wealth 
of the Ministry of Munitions, may well quail before the 
prospect of starting and maintaining an efficient 
check system. If by chance a check is damaged or 
lost, the measurement of the corresponding ring is held 
up indefinitely till a new check has been made and 
verified. In short the method of checks is an artificial 
means of measurement, surely doomed to extinction, 
at least as regards the best gauge work. The machine 
here described claims to be a solution of the long- 
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standing ring problem. This machine may also be 
applied to various other metrological problems, e.g . 
plate-gauges and cones, The present method for 
measuring up these gauges involve elaborate and rather 
makeshift combinations of Johansson blocks and 
Hoffmann rollers. The required accuracy of one-tenth 
mil. can be attained promptly by the adaptation of 
the machine above described. 





INDUSTRIAL NOTES. 

At the second sitting of the special Trades Union 
Congress held on Wednesday, the 10th inst., at the 
Central Hall, Westminster, and after reference by the 
chairman, Mr. J. H. Thomas, M.P., to the recent 
interview with the Prime Minister with reference 
to the unemployment benefit and othér questions, 
Mr. J. R. Clynes, M.P., moved the following resolution : 
“ This Congress strongly condemns the Government for 
their withdrawal of civil unemployment benefit without 
making any alternative provision for unemployed 
persons. We demand that effective steps shall be 
taken either to find employment or, maintenance for 
all those affected by the Government’s decision.” 
Mr. Clynes added, with regard to the Prime Minister's 
visit to Woolwich a few days ago, that if the machinery 
there, used so exclusively for the purposes of war, could 
now be used for the needs of e and for the con- 
struction of locomotives, they thought that similar 
work in some degree could also be done in other centres, 
where the Government had established extended 
plant and machinery for war purposes. The question of 
finding work for the workers was even more urgent 
than the nationalisation of mines. The resolution was 
carried unanimously. 

Mr. H. Gosling then put in the following motion : 

“That in view of the imperative need and demand 
for a central co-ordinating body representative of the 
whole trade union movement, and capable of efficiently 
dealing with industrial questions of national importance, 
the Parliamentary Committee be instructed to revise 
the Standing Orders of Congress in such manner as is 
n to secure the following changes in the 
functions andJduties of the executive body elected 
by Congress: (1) To substitute for the Parliamenta: 
mmittee a Trades Union Congress General Council, 
to be elected annually by Congress. (2) To prepare 
a scheme determining the composition and methods 
of election of the general council. (3) To make arrange- 
ments for the development ot administrative depart- 
ments in the offices of the General Council, in the 
direction of securing the officials, staff, and 
equipment to secure an efficient trade union centre. 

« her, in order to avoid overlapping in the 
activity ot working-class organisations, the Parliamen- 
tary Committee be instructed to consult with the Labour 
Party and the co-operative movement; with a view 
to devising a scheme for the setting up of departments 
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under joint control, responsible for effective national 
and international service in the following and any other 
necessary directions: (1) Research: To secure general 
and statistical information on all questions affecting 
the worker as producer and consumer by the co- 
ordination ‘and development of existing agencies. 
(2) Legal advice on all questions affecting the collective 
welfare of the members of working-class organisations. 
(3) Publicity, including preparation of suitable literature 
dealing with questions affecting the economic, social 
and political welfare of the people; with machinery 
for inaugurating special publicity campaigns to meet 
emergencies of an industrial or political character.” 

Reference back of this motion having been asked, 
a card vote was taken when there voted for reference 
back 1,722,000 and against 2,884,000, majority against 
1,162,000. The recommendation for a General Council 
was then carried by a large majority. 

The moulders’ strike was also touched upon at the 
Congress, thé chairman saying that the position was 
hopeful and that the Parliamentary Committee would 
do all in their power to bring about an early conference 
with a view to an honourable settlement. 

After dealing with the situation in Russia, a question 
which is outside our scope, the Congress adjourned 
until next February. 


The Ministry of Labour thinks it desirable to make 
the following announcement in order to explain to 
candidates for training, and to the public, the reasons 
why there has been difficulty in giving training under 
the Training Grant Scheme in the engineering trades, 
and to remove any misunderstandings which may 
exist in the minds of members of the trade unions 
concerned. 

This training grant scheme was devised in the 
interests of resettlement to restore the supply of men 
of higher professional, business and technical attain- 
ments, by selecting for training at State expense 
ex-service men whose preparation for civil careers 
has been prejudiced by their war service, and whose 
family circumstances do not permit of their undertaking 
training at their own expense. This training grant 
scheme covers practically all professional, commercial 
and business occupations. the interests of the 
nation and of the individuals concerned, it is ¢eon- 
sidered that ex-service men should not be debarred 
from entry into any trade or profession, and it is not 
apparent that there is any adequate reason why an 
exception to this general rule should be made in the case 
of the engineering trades. Practically every industry 
and calling has shown its willingness to take its share 
of ex-service men for training, and in almost every case 
special concessions as regards their entry into the trade 
or profession have been made. The engineering train- 
ing given under the scheme is in no way intended to 
qualify men to compete with journeymen in the trade, 
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but its object is to qualify them mainly for the com- 
mercial or office side. 

The engineering trade unions objected to the intro- 
duction of the scheme on three principal grounds: 
(1) That the trainees under the Appointments Depart- 
ment scheme would fill the better positions in the 
industry to which the ordinary industrial apprentices 
would aspire. (2) That many industrial apprentices 
were still with the Colours, and many trade unionists 
were out of work. (3) That the scheme would 
‘* militarise ’’ the factories. 

To meet these objections certain modifications of the 
original scheme were proposed by the ministry, and 
these have for some time been under consideration by 
the trade unions. As regards the number of trainees, 
it is suggested that this should not exceed 1,750 ; 
which is less than } per cent. of the total membership 
of the engineering trade unions. As a further safe- 
guard the number of trainees in any one factory would 
not exceed 1 per cent. of the total number of employees 
in the works. Most of the engineering trade apprentices 
are now demobilised, and to ensure that the trade 
should not be overcrowded with trainees from other 
industries it is proposed that except in the cases of 
the disabled the only candidates who will be con- 
sidered for grants are those who, previous to their war 
service, had not entered upon civil careers in any trade 
or profession other than engineering. The machinery 
through which candidates are selected for training 
under the scheme consists of Interviewing Boards 
sitting in all the principal towns of the United Kingdom. 
In order to ensure that no trade union principles are 
infringed it is proposed that the engineering trade 
unions should nominate representatives to sit on these 
Boards. It is pointed out that more than 50 per cent. 
of the ex-service men who have up to date obtained 
grants are men whose war service was in the ranks, 
and that a considerable proportion of the officers who 
are accepted for training are men who have risen from 
the ranks, Moreover, in a large proportion of cases, 
the parents of the ematieetey alias to the working 
classes, and their sons, without State assistance for 
training, might be compelled to drift into the unskilled 
labour market. The grants are intended not for the 
sons of rich fathers, but to assist men whose parents 
are in poor circumstances, and it is one of the duties 
of the Interviewing Boards to pay special attention 
to this point. 

It is thought that the misconceptions which have 
existed in the past can be removed if it is made clear 
to the members of the trade unions concerned that men 
in needy circumstances, and in some cases their own 
sons, may be selected to enjoy the benefits of this 
scheme and so may qualify for positions which without 
this assistance would have been out of their reach. 


The American coal strike was settled on the 10th inst. 
According to the terms of settlement the miners are 
to return to work immediately at an increase in wages 
of 14 per cent., while a commission, to consist of repre- 
sentatives of the employers, the miners and the public, 
is to be pany to investigate and to determine 
within 60 days the basis of a new wages agreement. 





Sir Eric Geddes, speaking to a deputation of Members 
of Parliament, on Wednesday, the 10th inst., said the 
causes of congestion on the railways at the present 
time were numerous, and he. thought it would be 
found that the actual shortage of wagons was not 
the principal cause of the difficulty. From January 1, 
the control of railways, in so far as it now existed, 
would be exercised by the Ministry of Transport, 
and the financial checking, would now to a greater 
extent be supervised by the Ministry and its financial 
officers. Instead of there being a greatly-increased 
control, the railways would to a greater extent be 
conducted by their own management. It would be 
necessary, under the present abnormal conditions, that 
the State should take a very large part of control in 
the wages question and in rates and fares. The present 
ne ee in regard to the shortage of wagons was un- 

oubtedly a point in the quotes of the congestion ot 
railways. There were to-day ‘n France about 18,000 
wagons belonging to British raibways. There were also 
about an equal number waiting for repair in excess of 
the normal number. So that there were, roughly, 
about 35,000 wagons out of traffic. After quotin 
comparative prices for wagons of different types, an 
referring to wagon construction in Government works, 
Sir Eric Geddes said that the Government would be 
criminally negligent if they did not provide for wagons 
for eighteen months or two years ahead. He believed 
the erecting of wagons could be done by demobilised 
soldiers. At present they had a difficulty with the 
trade unions, who were wagon workers, but the Ministry 
of Labour was dealing with that. 

The comparative prices quoted by Sir Eric Geddes 
have led to statements on the subject published in the 
daily press by private firms engaged in the wagon- 








building trade and which may lead to further develop- 
ments. We are dealing with this same subject in our 
leading article on page 824. 





The report for December of the United Society of 
Boiler Makers and Iron and Steel Shipbuilders shows 
that the society’s income for the quarter ending 
September 30 last was 119,6341., which sum includes 
64,6501., being balance on July 1. The expenditure for 
the same quarter was 33,940/. In his remarks to the 
members, the general secretary deals mostly with the 
shorter working week and says: ‘“‘ We pioneered this 
question successfully through the Federation, then 
through Congress. We are now trying to put it 
through Parliament. We have letters already from 
most of our branches telling us that they have asked 
their local members of Parliament to vote for the Bill. 
The Parliamentary Committee of Congress has sent 
the Bill to all trade unions that they may take steps 
both politically and industrially to press this question 
on. If the present efforts are sustained by all trade 
unionists everywhere in this country, I can foresee 
every working man, woman and child on a maximum 
44 hours week, and systematic overtime abolished 
before next May Day. Wages cannot be reduced, but 
stand every chance of being increased. Think what 
an improvement it will be in the daily lives of most 
people. A start at 8 o'clock will not be too early for the 
wives to get up, and all the family to have breakfast 
together. The “knock-off” at 5 o'clock will give 
time for recreation and study. After our shorter daily 
tasks our minds and our bodies will be sufficiently 
alert and active, and we will have the time necessary to 
solve for ourselves the big social questions which we have 
expected others to solve for us, so long in vain. I hope 
each member will realise that we are now looked upon 
as the pioneers of industrial reform. We are now 
taking our place in the political effort towards the 
same end. Live up to your record. It needs the 
co-operative efforts of all. It is quite true this land 
of ours can be made fit for heroes, but we must make it 
ourselves. It is no use waiting on the people who never 
make anything but a mess.’ In another part of his 
report the general secretary says that most of the 
society’s branches have written to him, protesting 
against the inadequacy of the 5s. advance per week 
to men over 18 years of age, and particularly against 
the leaving out of the award apprentices and boys 
under 18 years of age. 


In a communication to the Amalgamated Society 
of Engineers, Mr. J. T. Brownlie states that the member- 
ship of the society has increased during 1919 from 
298,782 to 320,880. The estimated increase in the 
funds is 187,768/., bringing the total up to 2,820,851. 
He adds that at the commencement of the year, 
members started to work under the 47 hours’ week, 
and the boon of a 47-hours’ week has been greatly 
appreciated. Agreements of considerable importance 
have been entered into with the Engineering Employers’ 
Federation in regard to the fixing of piecework prices 
on a national basis, and in connection with the recog- 
nition of shop stewards and the establishment of works 
committees. It is now possible, Mr. Brownlie further 
says, for workmen of average ability to earn at least 
334 per cent. over their hourly rate. A national 
advance in wages of 5s. per week for all members 
over 18 years of age has been secured, as well as a 
number of local advances under the special district 
clause of the engineering and foundry trades agreement. 
Great progress has been made towards amalgamation, 
and it is hoped that in the new year all the unions 
interested in the scheme will be embraced in the new 
Amalgamated Engineering Union. 


The Parliamentary Committee of the Trades Union 
Congress met in London on the 11th inst., under the 
chairmanship of Mr. J. H. Thomas, M.P., and con- 
sidered the ironmoulders’ strike, when it was decided 
to advise the members of the three unions involved— 
the ironfounders, coremakers and metal dressers—to 
accept the offer made by the Engineering Employers’ 
Federation for a conference to consider a settlement. 
The executives of the three unions met in Manchester 
on the 12th inst. and decided to accept the employers’ 
offer of a conference, it being suggested that the 
conference be held on Wednesday, the 17th inst., in 
London. No agreement was reached at this conference. 
It was postponed until next Tuesday. 





THE “ADVANCE” LATHE STEADY. 

Iw Figs. 1 and 2 annexed we illustrate a new design 
of lathe steady, manufactured by the Advance 
Machinery Company, of 41, Lower Mosley-street, 
Manchester. The device is not intended to show any 


radical departure from general practice and it is in 
the details of construction that its special features 
The main improvement claimed-is in the form 


lie. 


of the hinge. A common construction is the 
pivoting of the cap to the base by projecting lugs 
which are somewhat easily broken. In the Advance 
steady the cap is carried by an eyebolt which swings 
on a pin. An exactly similar eyebolt is also used 
for the front clamping. The arrangement allows the 
cap to be firmly tightened down at the rear as well 
as the front, the rear upper corner of the base being 
rounded to allow the cap to swing open after this 
has been done. After once being tightened down, 
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and the lock-nut secured, the rear eyebolt requires 
no attention until wear has taken place, and yet a 
rigid back connection is secured without the slight lift 
which is sometimes experienced with a pin-joint hinge. 

Further points in connection with the steady are 
that the steady-bars are arranged centrally with the 
main support, and that the knurled adjusting nuts 
are made with flanges which lie in milled tee- 
recesses. This avoids a complication of small parts 
such as cover plates and screws. The bars also, 
instead of being locked by set screws, are fitted with 
locking pads such as are used for securing tools in 
turret lathes. Between the two pads there is a 
washer which in conjunction with a keyway in the 
bar serves to prevent the bars from turning. The 
work is supported by standard hexagon-headed 
gun-metal set screws, which are screwed into the 
ends of the bars and are easily renewable. The bars 
are flattened at the sides of their inner ends to clear 
large shoulders or flanges, and the front side of the 
steady is flush to enable tools to be used close up 
to the bars without undue overhang. The locating 
tenon at the bottom of the steady is made of such a 
form that it can readily be narrowed by a hack saw 
and a little filing to fit the lathe bed. The steady is 
of massive construction, and no attempt has been 
made to save weight, a sound, workmanlike article 
having been aimed at. As at present being made, it 
will take work up to 5 in. diameter, but other sizes 
and a lighter pattern are to follow. 








Mercuant SHippinc (ConveNnTION) ACT, 1914.—The 
jcoming into operation of the Merchant Shipping (Con- 
vention) Act, 1914, has been further postponed until 
July 1, 1920. 
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DETAILS OF 15:9-HORSE-POWER FOUR-CYLINDER MOTOR CAR. 
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In several of our recent issues we have published 
working drawings and descriptions relating to various 
of the new motor-car models which are now being 
produced by some of our leading firms. Examples 
of most, or all, of these new cars were to be seen at the 
recent Olympia Exhibition, but we were unable at the 
time of the show to afford space for notices of the whole 
of those with which we wished to deal. The adequate 
illustration of the details of a motor car demands 
considerable space, as the figures which accompany 
this article clearly show, and as a consequence our 
descriptions have had to be spread over a period of 
some weeks. The various working drawings which we 
have been able to reproduce in connection with these 
new cars have been of much interest, and give a good 
idea of the attention which British motor-car builders 
are devoting to the production of both the highest 
class of vehicle and also the reliable, but more in- 
expensive model, which lends itself to manufacture 
on a large scale. 

This first year of peace has not passed without the 
exchanging of much mutual criticism between various 
social groups, and the engineering manufacturer 
not escaped his share of judgment. The gravamen 
of the charge has usually been that of slackness in 
attempting to meet the enormous demand for manu- 
factured material and slowness in c ing over his 
shops from the articles of war to those of peace. The 
authors of this criticism have usually been those who 
are ee ignorant of the work which necessarily 
goes to the making of, say, a new design of motor car. 
The skilled design work, the making of patterns, jigs 
and tools, the collection of material, &c., are outside 
their knowledge. In view of the fact that the engineer, 
more than any one, had his shops and his methods 
entirely modified by the war, we think he, so far from 
requiring criticism, has made a remarkable change-over 
and that the efforts of engineering manufacturers 
generally have formed a most hopeful augury for 
the future. This applies very particularly to the 
motor-car builders, and a study of the recent Olympia 
Show made it clear that there are very many motor-car 
firms in this country which are far from blind to the 
possibilities of the future. That their efforts may not 
further be hampered by moulders’ and similar strikes 
is to be hoped. 

On our two-page Plate this week and on this and the 
two following pages we give a considerable number of 
detail drawings illustrating the two motor-car models 
which are now being manufactured by Messrs. Arrol- 
Johnston, Limited, of Dumfries. The two cars which 
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the firm have decided on are an entirely new 15-9-h.p. 
model, which we illustrate on Plate XLVI and on this 
page, and a 13-30-h.p. model, which is to be known as 
the Arrol-Johnston “‘ Victory” car. We give details 
of this latter model on pages 820 and 821. Both cars 
have four cylinder engines and are of approximately 
similar dimensions, each having a wheel base of 10 ft. 
and a track of 4 ft. 8 in. The differences between the 
two cars will perhaps best be brought out by a detail 
description of each, and accordingly, without further 
comparisons, we will- proceed to deal with the general 
an 1 special features of the 15-9-h.p. model. 

A plan and side elevation of the 15-9 h.p. chassis 
are given in Figs. 1 and 2,on Plate XLVI. The wheel 
base and track, as we have already said, are respectively 
10 ft. and 4 ft. 8 in. The overall length is 13 ft. and 
the overall width 5 ft. 5 in. The frame is of pressed 
steel and is upswept at the rear. The ground clearance 
is approximately 9 in., but the construction of the body 
and the rear upsweep of the frame gives the car a very 
low appearance. A four-seater y is fitted, having 
adjustable seats, and considerable attention has been 
paid to the elimination of all projections, beading, Xc., 
in order to ensure a clean design and one easily washed 
down. The springing, as will be seen from Fig. 2, 
is semi-elliptic at the front and full elliptic at the rear. 
The road wheels are detachable and a disc wheel is to 
be adopted as standard. The tyres are 815 mm. by 
105 mm. 

The engine, clutch and gear-box are shown in Fig. 3. 
The engine has four cylinders cast in pairs and each 
80-mm. bore by 120-mm. stroke. The water jackets 
are of dimensions, and considerable attention has 
been paid to the question of the oe gy cooling of 
the valve pockets and cylinder h The jacket 
arrangement is well shown in Fig. 3. This figure also 
clearly shows the valves and camshaft. The valves 
are interchangeable, and the tappets are adjustable. 
The camshaft is driven by a single chain from the 
main shaft, as clearly shown in the re. The whole 
of the valve mechanism is encl but the cover 
plates may easily be taken off for inspection or adjust- 
ment. The crankshaft, of heat-treated steel, is 
carried by the upper half of the crank-case in the 
well-known way. ere are three white-metal lined 
main The whole arrangement is very clearly 
shown in the fi Lubrication is from a pump 
in the bottom half of the crank chamber. This bottom 
half is formed with a sump as shown in the figure, 
and the pump is fixed with its spindle vertical and 
driven from a spiral gear on the crankshaft. The 





pump, as shown, feeds the main bearings through a 
distributing pipe and the big-ends are fed from these 

i through oil-ways drilled in the crank-webs 
and the crank-pins. Vertical passages lead to the 
camshaft bearings. The pump is situated inside a 
filter and the whole arrangement can easily be removed 
for inspection or cleaning. 

Engine cooling is by thermo-syphon, assisted by a 
fan mounted on ball bearings and belt driven from the 
end of the camshaft. ition is by high-tension 
m to. The petrol is placed on the dash in 
such a position that supply to the carburettor is 
perfect even on the steepest hills ; the tank has a capa- 
city of 9 = Engine starting and lighting sets are 
fitted. They operate on the same chain which drives 
the camshaft. The construction ofthe clutch is clearly 
shown in Fig. 3. It consists of three metal plates, two 
of which are faced with Thermoid. They are held in 
frictional contact by helical springs as shown. The 
pressure is varied by opens Haag spring-boxes. ‘The 
whole arrangement may ily be removed without 
dismantling any part of the engine or gear-box. This is 
done by detaching the coupling behind the clutch. As 
the engine and gear-box are carried on a single machine- 
faced aluminium bed there is no difficulty with align- 
ment and the fitting of the clutch presents no difficulty. 

The gear-box gives four forward speeds and reverse, 
and is on the gate-change principle operated by a single 
lever, which is carried from a eomes on the off-side 
frame members. All the gear-box shafts are mounted 
on ball-bearings and the lay shaft is situated directly 
below the main shaft and runs wholly immersed in the 
oil bath. The universal joint immediately behind 
the gear-box, and at the front end of the ca shaft, 
is of the ring-and-stud t It is completely enclosed 
in a dust-tight cover. e back-axle drive illustrated 
in Fig. 4, on this , is of the spiral-bevel and pinion 
type, carried throughout on ball bea The 
arrangement of the rear-axle and wheels is well shown 
in this figure. The rear wheel brake drums are 165 in. 
in diameter, with internal expanding Ferodo-faced 
brakes. Both hand and foot brakes operate on these 
rear-wheel drums. Engine control is by a foot 
accelerator and the brake — is placed to the right 
of the’ accelerator pedal. clutch pedal is at the 
other side. 

The 13-30-h.p. Arrol-Johnston “ Victory” car, of 
which some details are illustrated in Figs. 5 to 19, on 
pages 820 and 821, is fitted with a four-five seater 
open touring body and has a wheel base of 10 ft. and a 
track of 4 ft. 8 in., like the 15-9-h.p. madel. The engine 
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however, differs considerably from that of the other 
car, and is of the four-cylinder monobloc type, with 
cylinders 80-mm. bore and 140-mm. stroke. Following 
a modern tendency, the engine is fitted with overhead 
valves. The camshaft and «verhead valve gear are 
carried by the combustion head, the camshaft being 
driven by spiral gearing from the crankshaft. Cooling 
is by a centrifugal pump driven from the camshaft, 
the circulation being through a honeycomb radiator. 
Lubrication is by pump and ignition by high-tension 
magneto. The clutch also differs considerably from 
that fitted to the other car, and is of the internal 
cone type and transmits the drive through the medium 
of Ferodo fabric attached to the female portion of the 
clutch, The clutch, which is illustrated in Fig. 5, is 
made from steel pressings. 

The gear-box, and gear-box control, are illustrated in 
Figs. 7 to 10. The drive from the clutch to the box is 
through double flexible joints, of the laminated steel- 
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is not incorporated with it, but is carried on a se] te 
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speed lever to bind when the hand brake is in the “ on” 
eee: - . position. The steel torque tube, carried at the rear 
CONSTRUCTED BY MESSRS. ARROL-JOHNSTON, LIMITED, ENGINEERS, DUMFRIES. end of the gear-box takes all back-axle strains. In the 
jaws of the tube is situated the universal joint, between 
the gear-box and the propeller shaft. The arrangement 
is shown in Fig. 10. A speedometer drive is arranged 
for through spiral gearing driven off the propeller shaft. 
The final drive is by spiral bevel gear, a view of part 
of the back axle being given in Fig. 6. The arrange- 
ment of the rear wheel brakes is of interest and some 
details are given in Figs. 11 to 13. The brake drums 
are 15 in. in diameter, and side by side the hand and 
foot brakes are contained inside them. A special 
feature is the provision of a small quadrant in con- 
nection with each brake lever, as shown in Figs. 12 
and 13. This allows of adjustment so as to give the 
most efficient pulling angle irrespective of the amount 
of wear on the brakes. The drums are provided with 
heat-radiating fins. The arrangement of the er 
gear is shown in Figs. 14 to 19 on this page. It is 
the worm and sector type, with a reduction which gives 
very easy steering. As the front road wheels are dished 
so that the track comes well towards the line of the 
pivot the car can be brought into the straight with great 
ease. The front axle, which is shown in Fig. 17, on 
this page, is of H-section. It is entirely self-lubricating 
and incorporates a self-oiling ball joint, with large- 
sized journal bearings and thrust washer. The sus- 
nsion of the chassis is by semi-elliptic springs in 
ront and long cantilever springs at the rear. 


























INTERNATIONAL ExuIsrTion at Linigs.—We read in 
L’ Avenir that the Municipality of Lille has decided to 
hold in that city, in 1920, the first post-war international 
exhibition. This exhibition, located among ruins, is to 
constitute an imposing memorial, 





AMERICAN AND GERMAN BusINness wita Russta.— 
According to Démocratie Nouvelle, a German commercial 
delegation hae been sent secretly to South Russia with 
a view to «stablish and renew commercial and economicel 
act v.ty with that part of the country. There are, it is 
added, also at Rostoff-Don representatives of a financial 
American organisation. 

















Triats oF AGRICULTURAL TRACTORS AND PLovGus, 
1920.—The Council of the Royal Agricultural Society 
of England has decided to hold trials of agricultural 
tractors and ploughs next autumn, commenci on 
September 28, 1920. About 500 acres of land would be 
required for the trials for ploughing and cultivating, of 
which 250 acres should be of heavy land—say, four-horse 
ploughing—and 250 acres of medium or light land—say, 
two-horse ploughing. If the heavy and light land 
cannot be obtained adjoining each other, they should be 
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required is © in. and 8 in. Hilly d as well as 
Ss = - heavy age te rr - and od se Dany e trials —- 
_—_———-—_] Hf < S must a hill in the neighbour of considerab! 
R/U ; length, the gradient to be not less than J] in 10. The 
G CLE aw UW - \ fant for the frinls should be handy to a railway, approach- 
y able by good roads, and near a town where omale hotel 
y accommodation can be obtained for officials and visitors, 
and it would be most convenient if accommodation 
could be obtained in the immediate locality of the trial 
ground for the attendants. The council would feel 
obliged if anyone interested in the proposed trials would 
communicate to the Secretary of the Society, 16, Bedford- 
square, London, W.C. 1, particulars of any land in his 
locality of the description mentioned, which would be 
available for the purpose. 











Lusricatixc Om For AERO Enoinges.—A _ booklet 
relating to their well-known Castrol R oil for aero 
engines has reached us from the makers, Messrs, C. C. 
Wakefield and Co., Ltd., of Wakefield House, Cheapside, 
London, E.C. 2. This oil, the booklet mentions, has 
been used for the lubrication of aeroplane engines from 
the very earliest days of mechanical flight, and it attracted 
considerable public attention at the historic aviation 
meeting at Doncaster in October, 1909. Here every 
event was won on Castrol, as also were most of those 
at the Bournemouth, Blackpool and Lanark meetings in 
the following year. Among othe notable pre-war events 
in which Castrol was used were the London to Man- 
chester flight, the first air of the Alps, the circuit 
of Britain, the first aerial Derby, and the first looping 
of the loop. The progress of aviation during the war 
was, of course, too rapid to record individual events, but 
as Castrol was adopted as the standard lubricating oil by 

ractically every engine builder, as well as by the Air 
esce, the firm’s claim that much of the pro was due 
to the use of this oil seems to be justified. Since the 
termination of hostilities, Castrol has been used for 
Captain Lang’s record height flight at Martlesham, on 
January 2 last, in the trans-Atlantic flight of the Vickers’ 
Vimy-Rolls aeroplane, in the trans-Atlantic voyages of 
the rigid airship R, 34, and in several other important 
Fie. 19. events. Castrol, the makers claim, possesses all the 
a, lubricating properties of one oil, _ a 
eae 7 28 2 : at iminished tendency to carbonisation. It has 
plate type, which are housed inside a casing which is 15-9-h.p. car. Ball bearings -— used ete, tag a hi ioe Rath-oalnt and 6 lower feccsing- goles then 
integral with the gear-box. This arrangement is clearly | and the rear and front ends are well spaced to give a8 | 0. stor oil whieh besomes t00 thick for use a6 sere en: the 
shown in Fig. 8. The gearing provides four forward | large a bearing as possible. All shafts are of large | Fahrenheit scale. Castrol, on the other hand, is still 
speeds and reverse and the layshaft is directly below} diameter to eliminate whip. The change-speed | sufficiently fluid at -- 26 deg. F., and hence can be used 
the main shaft and working in oil exactly as in the | quadrant is on the right-hand side, and the hand brake | at any altitude at which flying is practicable. 
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HEAVY-DUTY SLAB MILLING MACHINE. 


A uxEavy-puty slab milling machine designed for 
maximum production with modern high-speed steel, 
is illustrated, Figs. 1 to 6, 824. This machine was 
constructed by Messrs. Sir W. G. Armstrong, Whit- 
worth and Co., Limited, Manchester, and was shown 
by them at the Lyons Fair. Of our illustrations, Fig. 1 
is a general view, but the drawings perhaps give a 
better idea of the substantial design of the ae ag 


Fig. 2 is a side elevation of the machine, 
an end elevation. The plan is given in Fig. 4, while 
Fig. 5 is a cross-section thro the bed ind the 
standards and Fig. 6 shows details of the spindle and 
mandrel drive. 


The machine has a heavy bed, 12 ft. in length, the | 


bases of the standards forming part of the bed casting. 
The standards are bolted down on to the bed. The 
main standard is on the left, from which side the 
spindle is driven. The controls are on the right-hand 
side of the machine. The table is 8 ft. long by 2 ft. 
wide. , It runs on broad flat faces provided with wedge 
adjustment. The two standards are connected by a 
cross-stay at the top. The cross-slide is of very heavy 
design and the faces of the left hand standard are weil 
spread, giving the spindle very rigid support at its 
driven end. The fe rewnat) end is, of course, a good 
deal lighter. Vertical adjustment to the slide is made 
by hand by means of the wheel at the top of the left- 
hand standard, coupled to the vertical screws in the 
standards, by a cross-spindle and bevels. The main 
slide has a traverse of 6 in. This is controlled by 
the cross-handle at the left-hand end of the slide. 
The,main spindle is carried at the left-hand end in 
heavy phosphor-bronze conical bearings. At the right- 
hand end it is supported by a bracing with lateral 
adjustment. The spindle is driven by a spur wheel 
and through bevels and gears from a 40-h.p. variable- 
speed motor with a range of from 200 r.p.m. to 600 
r.p.m. The spindle is provided with a tail pin for 

ing the end thrust. The machine is arranged for 
variable-speed self-acting and hand feed, and quick 
running motion to the table in both directions. All 
controls are handy to the workman. A starting panel 
and switches in a cast-iron case protected by glass 
is arranged to bolt to the floor. The spindle speed 
ranges from 33 r.p.m. to 100 r.p.m., and the feeds from 
0-2 in, to 2-4 in. per minute, with the motor at 200 
r.p.m., and to 0-6 in. to 7-2 in. per minute with the 
motor at 600 r.p.m. The machine will take work 
8 ft. long by 2 ft. 5 in. wide and, with a 6-in. cutter, 
15-in. high. The floor space occupied is 17 ft. by 
9 ft. 6in. Working with an A.W. high-speed milling 
cutter on cast steel, the metal removed by this machine 
amounts to 224 cub. in. per minute. 





Tae Royan Instirvution or Great Brirain.— 
This Institut a series of lectures to be 
delivered before Easter, 1920, on a number of varied 
subjects and by eminent professors and scientists. Full 
information can be obtained from the Secretary, 21, 
Albemarle-street, London, W.1. 





Barrow AND District ASsociIATION oF ENGINEERS.-— 
At a general meeting of the Barrow and District Associa- 
tion of Engineers, held on Friday, December 12, Mr. 
Frank W. Skinner, A.M.I.E.E., gave a lecture on 
“* Electric Lp nye oe confining his remarks to welding 
by means of the tric arc. The first part of his paper 
dealt with the characteristics of arcs when either carbon 
or metal electrodes were used; and he stated that, 
owing to these characteristics, it was necessary to 
provide a voltage across the arc which would vary 
approximately in indirect proportion to the —— 
current. He then detailed the various means adop 
in practice for obtaining the n vol urrent 
characteristic, pointing out the inefficiency of the usual 
method adopted by the introduction of a resistance in 
series with the arc, and showing that the electrical 
efficiency of the welding plant could be considerably 
ine by the use of special machines having inverse 
compound-wound field systems. He also showed how 
the same conditions were met by the use of the Daysohm 
magnetic clutch, fitted between the motor and welding 
generator. Mr. Skinner also compared the use of direct 
and alternating current at the arc, and showed that 
there seemed to be a slight balance in favour of using 
direct current—unless local conditions existed. 
He gave an account of the various t of electrodes 
in everyday use, and was of the opinion that, except 
for 7 work, covered electrodes which produced 
liquid flux, protecting the weld metal from oxidation, 
were inferior to coated electrodes which juced 
gaseous flux, on account of the increased speed obtained 
by the use of the latter type, and because there was no 
risk of slag inclusions entering the weld. He then gave 
figures showing results of experiments carried out by 
various authorities to determine the cost, i 
speed, and strength of welded joints. He 
on the difficulties met with in welding cast-iron, and 
gave an account of the made in the application 
of ic welding to the construction of ge 
were adduced showing the saving in time, ial and 
je which might be anticipated by substituting welding 
or riveting. 





“FLAME VELOCITY IN INFLAMMABLE 
GASES.” 
To tHe Eprror or ENGINEERING. 

Sim,—I do not find it easy to gather from the letter 
by Mr. W. Mason appearing in your issue of the 12th 
inst. what object he in view when writing his letter. 
In the first paragraph he gives his idea (which is not 

uite accurate) of the application of my hypothesis. 
t did not intend, as he believes, that it should limited 
to the propagation of flame in closed cylinders. In the 
second h he makes a statement that my 
hypothesis implies a mode of flame propagation by heat 
conduction from layer to layer of the gas, which state- 
ment seems to me to lack justification as much as one 
to the effect that Ohm’s law of the electric current implies 
a theory of the process by which the current is propa- 
gated. And in the third and last paragraph, which I 
imagine was intended to contain the point of his letter, 
he brushes aside my hypothesis in so far as it relates 
to open tubes, with the bare assertion that experimental 
facts do not support the theory. He does not state what 
facts, and he ignores completely the important fact 
which I obtained from a on certain work done 
by him in collaboration with Dr. R. V. Wheeler on 
open tube explosions, and which I showed to be in 
- accordance with my hypothesis. 

I need hardly remind Mr. Mason that the hypothesis 
is not proved to be wrong until it is shown that the 
agreement found in the cases tried was purely accidental 
and that the results fit equally well some other and 
better hypothesis. 

Yours faithfully, 
J. D. Morgan. 
13, Teniple-st.eet, Birmingham, December 15, 1919. 





DISC WHEELS FOR MOTOR CARS. 
To rue Eprror or ENGINEERING. 

Srr,— Your issue of the 14th ult. contains an illustra- 
tion of the “ Goodyear”’ disc wheel, as fitted to Angus- 
Saunderson motor cars; and I notice that the makers 
of those wheels claim—as a virtue—that their type of 
disc provides eztreme rigidity of structure. Is such 
rigidity an undiluted advantage, or does it tend to cause 
vibration ? 

For example, the wire type of motor wheel, though 
rigidly strung from hub to rim, with wires of sufficient 
thickness to eliminate all possibility of their springing, 
must, owing to the light construction of their rims be, 
as a whole, non-rigid, and therefore must, to some small 
extent, ‘‘spring’’ when subjected to sudden stresses. 

Common experience teaches that cars fitted with 
‘‘wire’’ wheels run more smoothly than those fitted 
with the other—and more rigid—type of wheels. Can 
any of your readers explain why this is so ? 

E should also like to know if, in fact, light or heavy 
wheels are more desirable. It is, of course, desirable to 
limit the weight of the car, lightness of structure meaning 
a saving in petrol, and easing of the springs ; but should 
the weight saving likewise apply to the wheels? My 
impression is that it should not, and that heavier wheels 
than those now in use should make for smoother running, 
and not imply an increased expenditure of petrol. 

Perhaps some of your readers may be able to throw 
some light on this matter also. 

Yours truly, 
** Mororist.” 

December 10, 1919. 


P.S.—The wire wheels develop a “sus 
action within the wheel ; does such action ten 
vibration, and if so, why ? 


ding 
to lessen 





Perrot Prorireerinc Commitrre.—Captain R. H. 
Montgomery, head of the fuel department of the Auto- 
mobile Association, also secretary of the Joint Fuels 
Committee, has been appointed to represent the Auto- 
mobile Association on the Petrol Profiteering Committee. 


5,000-Mizxz Benzote Roap Tzst.—The Automobile 
Association and Motor Union have issued a report on a 
5,000-mile benzole road test, on a 4-h.p. Triumph, chain- 
driven motor-cycle and side car. Prior to the test, the 
engine, No. 64,990, was examined, together with the 
tank, carburettor and benzole feed pipe. The motor 
cycle was decarburised at 2,137} miles. The carhon 
was carefully scraped off the cylinder, piston, piston 
rings and poe Bowe valve, and collected for weighing and 
analysis, On completion of the 5,029 miles, a further 
examination of the power unit and fuel system was made. 
The following results were obtained: (1) Total number 
of gallons used <3 the test, 59 gallons 7 pints ; 
(2) average mean weight of motor cycle and side car, 
836 lb.; (3) average miles per gallon, 84; (4) average 
ton-miles per ion, 31-34; (5) total amount of lubri- 
cating oil used, 4 gallons 2} pints; (6) average number 
of miles per gallon of lubricating oil used, 1,166; 
(7) highest miles per gallon, 109-6, over a distance of 
137-1 miles; (8) lowest miles per gallon recorded, 
67, over a distance of 105 miles; (9) highest ton-miles 
recorded, 41-58, over a distance of 137-1 miles; (10) 
lowest ton-miles recorded, 24-32, over a distance of 
118-3 miles; (11) a fair average touri 8 was 
maintained throughout the run, and it is estimated 
that the average miles per hour may be taken approxi- 
mately at 19-88 miles. The full official report of the 
test, also the 10,000 miles road test of a Sunbeam car 
on benzole, giving particulars o “engineers reports, days 

i fuel consumption, routes, weather conditions, 
&c., together with reports on the analyses of the fuel, 
ees a &c., can be had on 7 to the 
Automobile Association, at the price of 3s. 6d. free, 
for the paper covered edition, and 5s. post free for copies 
bound in cloth. 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Tron andi,Steel.—Despite higher prices, business in the 
steel trade,expands daily. Orders from the Continent, 
America, India and South Africa are arriving freely, 
without any effort to attract them on the part of South 
Yorkshirejmanufacturers. Trade has expanded to such 
a marked degree within the past month, that “‘ boom ”’ 
conditions for many months ahead are assured. The 
revival has come none too soon. Many of the steel 
branches had difficulty in maintaining an appearance of 
normal activity with reduced staffs. But to-day 
practically the whole of the steel trade is working at top 
pressure, and if the influx of orders continues at the 
present rate, the difficulty will be to keep pace with 
requirements, although capacity for output is larger now 
than ever before in the history of the South Yorkshire 
steel trade. How long the new boom will last is problem- 
matic. Representative manufacturers predict a duration 
of two to t years, but indicate that a fall from the 
present inflated values is inevitable, and that unless the 
period of artificial prosperity is nursed carefully it will 
the sooner come to an end and the relapse to bad trade 
and depression will be the severer and more prolonged. 
A welcome feature of the improved conditions is the 
evidence of an undoubted expansion in the crucible steel 
trade. Business to-day, though better than for six 
months , is still many d below the pre-war 
normal, but is sufficient to keep colle running full time 
on the reduced working day. France is taking a much 
bigger to: , and business with India has considerably 
improved. The latest developments prove that labour 
** ca’ —y- in to output is wilting under the 
healthy advice of the more sober trade union leaders. 
Not only has output been doubled at some of the open- 
hearth furnaces, but in several instances production has 
materially expanded at rolling mills and railwa ring 
departments. High-speed steel is making » Mn but 
apparently sure progress towards the level of pre-war 
trade. America’s latest purchases are heavy. The 
United States has also been induced, by the lower rates 
obtaining for the Sheffield product and the discrepancies 
of exchange, to place substantial orders with Sheffield 
makers for special tool steels. The lighter trades are 
uniformly active. Their chief difficulty, despite the 
much wider installation of labour-saving appliances and 
5 enn machinery, is to stretch output to the limits 
of current requirements. This is especially so in regard 
to saws and files. 

South Yorkshire Coal Trade.—Manufacturers show 
anxiety to build up ample reserve stocks against the 
Christmas holidays. All qualities are on the scarce side, 
and there is general pressure by traders and consumers 
to obtain contract supplies. The railway companies 
are taking a big share af contnnst deliveries. The house- 
coal market is still in an unsettled state owing to the 
recent reduction in price. The colliery companies are in 
grave doubts as to their position under the new Order. 
and until those doubts are removed and a straightforward 
business issue is placed before them, the present difficul- 
ties are likely to continue. Cokes of all qualities are 
difficult to obtain. Maximum prices are the general 
tule. Quotations :—Best branch handpicked, 23s. to 
24s.; Barnsley best Silkstone, 23s. to 23s. 6d.; Derby- 
shire best brights, 21s. to 22s.; Derbyshire house coal, 
18s. 6d. to 198.; Derbyshire best large nuts, 188. 6d. to 
19s. 6d.; Derbyshire small nuts, 27s. 6d. to 28s. 6d. ; 
Yorkshire hards, 28s. 6d. to 29s. 6d.; Derbyshire hards, 
288. 6d. to 298. 6d.; best slacks, 248. to 25s.; nutty, 
238. to 248.; smalls, 198. to 20s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGA, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is on a very limited scale, due to makers refusing 
to entertain forward business in view of prospects of 
further rise in values and increasing cost of production. 
The delay in fixing new railway rates also has an un- 
settling influence. For the time being demand is easier, 
the approaching holidays, when consumers’ works will 
be closed, lessening the pressure for supplies. Shortage 
of trucks still seriously hampers distribution, though 
increasing resort is being made to coasting traffic for 
the delivery of iron which, under ordinary conditions, 
would be conveyed by rail. Exports show some improve- 
ment. Belgium is taking fair quantities, but scarcity of 
tonnage checks clearances to customers abroad. For 
home consumption, No. 1 Cleveland pig-iron is 167s. 6d., 
and No. 3 g.m.b. and all the lower grades of iron are put 
at 160s.; whilst for export quotations are 5s. above 
these rates. 


Hematite Iron.—Though there is ample supply of 
East Coast hematite, purchases are difficult to make. 
This, however, is probably a temporary difficulty, and 
will be rectified so soon as values move up and makers 
come forward to sell once more. At present foreign 
demand is small, but expansion of both home and 
Continental business is looked for. No. 1 is 202s. 6d. 
and mixed Nos, are 200s. for home use, whilst export 
quotations are 207s. 6d. and 205s. respectively. 


Manufactured Iron and Steel.—In finished iron and 
steel, manufacturers find it altogether impossible to 
ayes like cope with the enormous pressure for 
delivery under running contracts. Congestion at some 
of the works, due to continued lack of trucks to remove 
output, hampers producers very seriously. Few firms 
are in @ position to entertain new business. Orders are 
having to be turned down wholesale simply because 
guarantee of delivery cannot be given, so overwhelmed 
are manufacturers with work in fulfilment of running 





contracts. It is difficult to fix export prices, but they 
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are a good deal above the following, which are among the 
principal home quotations :—Common iron bars, 221. 10s.; 
marked bars, 25/. 10s.; steel ship, bridge and tank 
plates, 18J. 15s.; steel angles, 18/. 5s.; steel joists, 
181. 58.; heavy steel rails, 17/. 10s.; and galvanised 
sheets, 401. 


Foreign Ore.—After a spurt in buying, inactivity again 
characterises foreign ore. Business is held up by 
scarcity of tonnage. 

Coke.—Coke continues scarce, but absolute needs of 


local blast furnaces are understood to be receiving 
adequate attention. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

‘General Trade.—With the near approach of the end 
of the year there is a general epeeding-a on the part 
of consumers for deliveries of both steel and iron material 
before the works close down for the annual New Year 
holidays. Producers, on the other hand, are all pushing 
on operations and are endeavouring to get as large an 
output as possible, but with the demand so pressing 
it would look as if the Pewee high tension were likely 
to continue almost indefinitely. Engineers and ship- 
builders all keep crying out for deliveries in order that 
— | may keep their men employed, and with the textile 
and general manufacturing industries 
many extensions going on and much new plant is being 
requisitioned. Throughout the country trade is very 
good indeed, and not only has this state existed for some 
time, but the future prospects are exceedingly bright. 
All round, the — never were higher and the general 
tendency is still upward, so that one shudders to think 
what they may be a year hence. Overseas trade is 
increasing steadily, and as more tonnage becomes 
available the improvement will continue. 


Scotch Steel Trade.—The conditions in the Scotch 
steel trade show practically no change over the week 
and the active state continues. Makers are doing all 
they can to meet the ever-increasing demand for almost 
all kinds of material, and in some cases they are being 
nobly backed up by their staffs, but nevertheless, there 
seems no satisfying of the demand. Ship plates are 
being asked for daily and large deliveries are being sent 
out, and a similar state of affairs exists in the case of 
boiler plates, while for sectional material there is a ready 
outlet. Black sheet makers are still very busy and are 
doing a very large trade, with the heavier gauges perha) 
in greater request. The two recent advances have ale 
no difference in curtailing the demand and great 
exists for deliveries ex-contract, while new on rae 
keeps flowing in steadily. For export lots the inquiry 
is exceedingly good, and many very tempting lots have 
had to be refused owing to the excessive demand from 
local buyers. In some cases price seemed to be no object 
as the “ goods’’ were necessary. 

Malleable Iron Trade.—In the West of Scotland the 
malleable iron makers are still being kept fully employed 
and the present large output of the mills is i 
taken up. Fresh business keeps appearing, and at the 
present moment order books resent a very large 
tonnage, and so the new year will assuredly get a good 
send-off. ‘The bulk of the work is for the home market, 
but some little attention is being given to export lots 
when opportunity arises. Prices have recently been 
ruling strong and an advance has now been made in 
current rates, amounting to 17s. 6d. per ton, making 
“crown” bars 22. 7s. 6d. per ton, net, free on trucks, 
at works. The export quotations have also been raised 
and the minimum price is now called 23/. per ton, net, 
f.o.b. Glasgow. It is not anticipated that there will be 
any appreciable decline in the demand through this 
latest advance in prices, but any slowing-down will 
only be of a temporary nature, and as thi are 
going just now the maximum output of the various 
works for months to come seems to be necessary to satisfy 
the home demand. 


Scotch Pig-Iron Trade.—There is still a good steady 
demand for Scotch pig-iron and employment at the 
various works is very satisfactory. Deliveries of 
hematite have recently been on a large scale to the steel 
works, and owing to the continued activity in that trade 
big lots are going quickly into consumption. For forge 
iron there is a very active demand and deliveries are 
good. Prices are without change, but are very firm. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Coal Market.—Actual business during the 
past week has been restricted by a scarcity of available 
supplies of coal. Collieries generally were heavily booked 
with orders up till the end of the year, and in many 
instances were refusing to tt fresh commitments, 
except from buyers able to guarantee loading or with 

boats actually under the tips. For the odd 
available 100s. was firmly indicated for best Admiralty 
large coals, though from 95s. up was accepted for spot 
shipment and 105s. was paid for loading in January. 
Small coals were also scarce, as collieries were banking 
& proportion of their outputs for their own use over the 
holidays. Exports to foreign countries last week 
totalled 445,858 tons, of which 301,421 tons were 
d tched from Cardiff, 61,763 tons from N rt, 
51,286 tons from Swansea and 31,388 tons from Port 
Talbot. Yesterday it was rted that the Customs 
received instructions to clearances to France, 
Italy and Ireland of British vessels under 1,600 net 
register tons, and to-day it was stated that a number of 

vessels chartered for France had been directed to 
to United Kingdom ports. The local representative of 
the Coal Controller reports that he has received orders to 


all busy there are A 





arrange that there shall be a maximum of coal conserved 


in this country to tide over the holiday period and also 
to conserve coal for essential bunkering purposes in the 
Mersey and Thames, and the bunkering of British 
vessels trading on the home coast and carrying coal 
car It was also reported that the action of the 
authorities was with a view to relieving pressure on the 
railways. 

The Iron and Steel Trades.—Congestion on the railways 
is still adversely affecting the tin-plate trade and 
restricting business. Outputs are curtailed by the 
inadequacy of transport facilities and prices are fully 
maintained in view of the shortage of available supplies. 
The forward demand is particularly active and 47s. per 
basis box has been id for April-June delivery and 
48s. 6d. per box for delivery over the first quarter of 1920. 
Galvanised sheets are in d, and in many 
instances makers are so heavily booked that they have 
been sn to turn down orders. For April-June 
delivery 24-gauge, corrugated in bundles, commands 
from 421. to 421. 10s. Steel bars are quoted at 161. 10s. 
per ton for April delivery and billets are practicall 
unobtainable. Spelter is slightly easier at 53/. 5s., wit 
English at 557. 10s. 





NATIONALISATION OF THE SPANIsH Raruways.— 

ing to the French daily press, the Spanish Minister 
of Fomento reggae stated, a to ee 
concerning his department, t he was not at all in 
favour of the nationalisation of the Spanish railways, 
owing to the deplorable results obtained of late years in 
those countries in which the State has operated the rail- 
way systems. ° 





A Drmectr Swepish CoNNECTION BETWEEN MaLmi 
AnD New Yorx.—We read in Swedish Hxpert, that a 
direct service between Malmé and New York is to be 
worked by the three Swedish Armerican lines—Sverige 
Nordamerika, Svenska Amerika-Mexico-linien and Trans- 
atlantic—which have previously worked er in a 
freight service between Malmé and New York. It is the 
intention to dispatch a -boat ev: three weeks. The 
first boat directly concerned with this service will be the 
Transatlantic steamer Svarten, which, after loading in 
New York in the middle of October, is expected at nd 
in the beginning of November. 


Tse SwepisH TRaDE MovEMENT IN [Ron AnD STEEL. 
—tThis trade, ding to Swedish Z. , still shows a 
marked tendency towards an unfavourable balance. The 
total imports of iron and steel, partly and wholly manu- 
factured articles, during the first -quarters of the 
oe ¥ have amounted.to 126,000 tons, as compared with 
09,000 tons during the same iod of last year. For 
tho seme pase cur expats of giptien ten bows eu 
about 64,000 tons, as compared with 138,000 tons 
between January and September, 1918. The 
for the month of September was the weakest for many 





y | years, being only 2,713 tons. 





SHIPBUILDING aT CHEPSTOW.—Speaking recently in 
Parliament, Colonel Wilson stated that three vessels of 
3,860 deadweight tons and six of 10,500 deadweight tons 
were being built at w. No vessels were being 
built at Beachley. The vessels were being constructed 
on behalf of the Shipping Controller, and not as a result 
of orders from private firms. These vessels had been 
sold at prices which would leave a profit to the Govern- 
ment. +7 was considered undesirable at present to make 
public iculars of the profits made on the ships built 
or building at Chepstow. Four vessels a 
delivered, and nine were under construction and expected 
to be completed during 1920. 


NOTICES OF MEETINGS. 


Tae InstrrvTion or Meronanican EncGinesrs.— 
Friday, December 19, at 6 p.m., General Meeting at the 
Institution, Storey’s Gate, St. James’s Park, 8,W. 
Paper to be read on “Cutting Power of Lathe-Turning 
Tools” (Part IL), (being an account of further experi- 
ments made in amachine-tool laboratory of the 
University of Sheffield), by Mr. G. W. Burley, Wh.Ex. of 
the University of Sheffield, Associate Member. , 


Tue Junior InstrrvTion or Enoriverers.—Friday, 
December 19, at 7.30 p.m., meeti at Royal United 
Service Institution, Whitehall, 8.W. 1. residential! 
Address: ‘‘ The Influence of the War on Engineering,”’ 
by Sir E. H. Tennyson D’Eyncourt, K.C.B. 








PrersonaL.—Mr. Edwin Jacob has resigned his post 
of managing director of the Tudor Accumulator Company, 
Limited, of which he was one of the founders twenty-five 
years ago; he retains the business of the Rail Welding 
Company, which he acquired from the Tudor Accumu- 
lator Company last year, and his address will be 119, 
Victoria-street, 8.W.1. 


CrystaL Patace Enoinesrinc§ Socrety.—-The 
“Wilson Premium ’’ for the best paper read before this 
society during the past session has been awarded to 
Mr. W. Bamford, for his paper on “ Artillery Fire from 


a Scientific and Engineering Point of View.’’ Other 
ewes read during the session were: “ Internal-Com- 
ustion ines,” by Mr. C. J. Roberts; ‘“ Sound,” by 
Mr. C, H. Gould; and “The Westinghouse Brake,”’ by 


Mr. R. L. Warburton. The premium was handed to 
Mr. Bamford by Mr. Henry Edward Stilgoe, chief engineer 
to the M litan Water Board, on the occasion of 
the l4lst distribution of certificates at the Crystal 
Palace School of Practical Engineering, at which he 
presided on December 17. 


Tae Commirrer: oN MERCHANDISE Marxs,—The 
emt atm re Con seth considering the 
ions of indications of origin on and of national 
many marks, met twice last Soak at the Board of Trade 
offices under the chairmanship of Mr. Harry Greer, M.P. 
Evidence was ig regarding the present position of the 
matters into which the Committee are inquiring in so far 
as those matters affect the Board of ‘rade, and the 
Customs, by Mr. H. Fountain, C.B.,C.M.G., an Assistant 
Secretary of the Board of Trade, in charge of the Com- 
mercial Relations and ‘Treaties Lp ern pe by Mr. 
Temple Franks, C.B., Comptroller-General of Patents, 
Designs and Trade Marks and Comptroller of the Indus- 
trial Property Department of the of Trade, and 
Mr. J. L. Mackie, an Assistant Secretary of the Boar 
of Customs and Excise. 





“Tae Worwp’s Press.’’—A copy of the thirty-fifth 
edition of this most useful publication has recently come 
to hand from the publishers, Messrs. Sells, Limited, 
168 and 169, Fleet-street, London, E.C. 4. The book 
gives particulars of newspapers published in ev 
country of the world, among them being included pion 
countries as Russia, any and Austria-Hungary, 
though the collection of infor ion from these countries 
must have been exceptionally difficult under existing 
conditions. Included for the first time is a list of 
over 100 newspapers in the current edition which haye 
commenced publication since the signing of the armistice, 
and among other noticeable features are a number of 
special articles on journalistic matters, a biographical 

tory of the British Press, a list of press telegraph 
rates, and also lists of newspaper and allied societies, 
news-cutting cies, Press photographers, news 








Contracts.—Messrs. Joseph Kaye and Sons, Limited, 
Leeds and London—the = inventors and makers 
of seamless serrated oil f and seamless spouts— 
have been the sole contractors, without a break, to the 
British Navy in oS ee for the last sixteen years, 
and during the period of the war, from 1914 to 1919, they 
supplied 233,545. Messrs. Kaye have, in addition, 
recently received from the Admiralty a further order for 
13,152 of these oil cans, making a grant total of 246,697 
from the beginning of the war.—Messrs. Drummond 
Brothers, Limited, Oaslow Buildings, Guildford, state 
that they have booked an order for one of their standar | 
lathes from H.M. the King 0° G eece. 


TRADE wiTH Czrna.—A recent report by H.M. Consul- 
General at Tientsin, quoted by The London and China 
Telegraph, states that as a result of the Chinese boycott 
against Japan, British and other merchants have gained 
business at the expense of the Japanese. Incidentally 
the boycot, has revealed the unexpected proportions 
of the Japanese yarn and piece-goods trade in China, 
based as it is mainly upon the cotton y of China. 
= a ad yo are demand for cotton- 

ill machinery is strong in the Yangtse Valley. especial! 
in Tientsin itself, and in other places. It is satislactory 
to know that the Chinese believe that British machinery 
is not only much more reliable but much more suited to 
the conditions in North China, with a short led 
cotton and a dry climate. It also appears that, since 
the signature of the Peace Treaty, Germans have been 
ne and are reported to have booked orders 
for dyes ; how they propose to ship them is not explained, 
unless it is in Japanese bottoms. It is, therefore, the 
Consul-General suggests, i i 
whether, if German dyes are to be ex part 
payment of the indemnity, British firms should not have 
a share in the handling of them. 





“= 


, de. © price of the work is 10s. 6d. net. 





Export or Coat: General Licence.—The Board 
of Trade announce that, with a view to the decentralisa- 
tion of coal amore control, an open general licence has 
been issued with effect from Thursday, January 1, 1920, 

itting the export of coal, coke and manufactured 
uel to destinations abroad except Russia, Germany, 
Hungary, Austria, Turkey and Bulgaria, subject always 
to the approval, previously obtained, of the Con 
of Coal Mines or his duly authorised representative, and 
subject to shipment being made in a vessel approved by 
the Commissioners of Customs and Excise or their 
officers. ‘The Customs authorities will require pre-entry 
Se be mode fe oll cues; end ah porte whave them te a 
duly authorised local representative of the Controller 
Mines, the approval referred to will be 
by his endorsement on the pre-entry form, which must 
be ted to him for the purpose, before shipment. 
Where shipment is proposed to be made from a port not 
included in the following list, it will be necessary for 
lication for the Controller’s approval to be made to 
the export branch of the Coal Mines Department in 
London. Similarly, ~~ from all ports in the 
United Kingdom to the inations excl from the 
purview of the general licence must still be covered by 
an licence from the Coal Mines Department. 
The following are the ports, shipment from which will 
be covered by the local representative’s endorsement on 
pre-entry: All Scottish ports: Mr. W. D. Fuller, 
4, Dunlop-street, ow. From Amble to Middles- 
brough inclusive: Mr. W. R. Fisher, Coal Trade Offices, 
Neweastle-on-Tyne. Humber ~ (Hull to Grimsby 
inclusive): Mr. A. D. Upton, 120, Alfred Gelder-street, 
Hull. : Mr. J. Melandri, Dock Board 
Offices, Liverpool. From Barry Port to Newport 
inclusive: Mr. L. R. Lewis, Cymric Buildings, Cardiff. 
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HEAVY-DUTY SLAB MILLING MACHINE. 


CONSTRUCTED BY MESSRS. SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, ENGINEERS, MANCHESTER. 
(For Description, see Page 822.) 
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15.9-H ORSE-POWER FOUR-C 
CONSTRUCTED BY MESSRS, ARROL-JOHNST 


(For Description, 8 





Fig. 3. 
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15.9- HORSE-POWER FOUR-C 
CONSTRUCTED BY MESSRS. ARROL-JOHNST 


(For Description, 
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PLATE XLVI. 








YUR-CYLINDER MOTOR CAR. 


/L-JOHNSTON, LIMITED, ENGINEERS, DUMFRIES. 


escription, see Page 819.) 
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CHRISTMAS HOLIDAYS. 


Owing to Christmas Day this year, falling on Thurs- 
day, it is necessary that our issue of the 26th inst. 
should be published on Wednesday, the 24th inst., and, 
in consequence, all alterations to standing advertise- 
ments should be received not later than Wednesday, 
the 17th inst. Advertisements to appear classified under 
the various headings such as “‘ Tenders,’’ “* Appoint- 
ments Open,’* “ For Sale,’’ &c., must be received by 
the first post on Monday, the 22nd inst. 
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THE GOVERNMENT AND RAILWAY 
TRANSPORT. 


WE hear a great deal in these days about the 
transition period and the complications involved 
in passing from war to peace. We took several 
years to organise for war and it is not to be exp cted 
that we can again reverse the whole train of national 
mechanism quickly without overstrain in some 
direction or other. We are not concerned, moreover, 
merely with a question of reversal, but, at the 
same time, of revision, and it is to this, whether 
it be for good or ill, that our difficulties are largely 
due. The situation is aggravated by an absence 
of clear thinking and by a veritable fog of pro- 
nunciamentos which make it a matter of extreme 
difficulty to grope our way towards clear lines 
of policy. ; 

The daily papers are full just now of the “ railway 
chaos,” and nearly every morning we have some 
new official statement on the subject. Now, while 
figures show that traffic on the railways is high, 
it is clearly not high enough for the country’s work 
at the present time, or there would not be the large 
number of complaints there are to-day, of congestion 
and delay. The explanation, the Prime Minister 
tells us, is to be found in many things—in the 
wagon shortage, the lack of locomotives, the 8-hour 
day, small consignments, and the fact that much 
coastwise traffic is now carried by rail. The Minis- 
ter of Transport follows with figures on the wagon 
situation, which, if analysed, do not really make 
this out to be so very bad. - Further, he has stated 
that the railway companies have all the heavy 
locomotives they can take and there are still several 
in reserve. 

It was Punch, we believe, who first reminded 
us lately that the penalty for the improper use 
of the train alarm was about the only thing that 
had not risen in cost of late years. Railway rates 
can claim equal notoriety. They are still at their 
old level, although before the war they were recog- 
nised to be uneconomically low. When this is 
remedied, as it promises to be shortly, the railways 
will, it is alleged, be automatically relieved of a 
7|good deal of traffic. But this will not see us 
through. If trade and employment are to reach 
a satisfactory level we must look for a very 
considerable expansion of business, and we shall 








s31| then still be faced with heavy traffic on the rail- 
2 | Ways. 


In fact the complaints now heard would 
scarcely exist were there not a good deal of trade 
in reserve awaiting development. Diversion of 


traffic to other modes of transport, therefore, will 
not solve the difficulty. 

Mr. Lloyd George tells us that, because some of 
, | the traffic that used to go by sea now travels by 
rail, the average haul is longer than it used to be. 
Here we have certainly a contributory minor cause. 





But in this small country we never used to think of 
the actual journey time of a loaded wagon as the 
all important point in railway economics, and there 
is no reason why, with good management, it should 
be so now. Sir Eric Geddes gets nearer the 
mark in his recent memorandum, in which he states 
that “next to the acceleration of repairs the 
quickest way to increase the number of wagons 
available for traffic is to minimise the period of 
detention under load.” Comparatively speaking, 
the journey time is not important. The*thing to 
get at is the terminal delay. The same trouble is 
being experienced with shipping. As this delay 
is much more extreme, on account of the large 
size of each ship, the facts emerge rather more 
clearly. The new hows, and also we must add 
the spirit, of labour, are delaying our shipping at 
the ports. The ships cannot discharge and re-load 
so quickly and this makes for very heavy costs. 
During the war one of the most extraordinary 
transformations was made in a certain area when 
once this question of port delays was seriously 
tackled. A complete change took place, and every- 
thing from beginning to end of the campaign was 
speeded up. So it will very largely be with the 
railways if we can get over the unloading, loading, 
and demurrage delays. Sir Eric Geddes puts the 
cart before the horse. It is not a scrap of use 
accelerating repairs or building more wagons while 


_|the railways are congested with their present 


numbers. That will only increase “storage on 
wheels,” which Sir Eric rightly points out is a 
very expensive luxury, and one to which an end 
should be put as promptly as possible. 

We used to be told by many ardent sociologists 
that shorter hours meant more work per man per 
day. Up to a point this is true, but it certainly 
does not seem to be working out as was promised, 
with labour as it is to-day. We are getting less 
work out of the men. Wagons cannot be cleared 
so quickly. Relief can, therefore, only be found 
in making provision for more to be unloaded and 
loaded at once, and for more men to be employed 
or their equivalent in mechanical facilities. This 
would be sounder than adding still further to the 
congestion. Sir Eric Geddes has shown how 
gravely these terminal delays have increased. 
It may be said that the users have difficulty in 
clearing and releasing wagons. This class has 
always taken advantage of every concession 
the railways allowed in this direction. For the 
national good the penalty of delay should be made 
so heavy that users will find it to their interest 
even to the length of making exceptional arrange- 
ments with casual labour for the purpose—to clear 
promptly. In our opinion demurrage should be 
charged at a very heavily progressive rate so as to 
induce the release of the wagons on the day of 
receipt. The beneficial influence of this was kept 
prominently to the fore in some of our war areas 
with the result that the use made of wagons was ex- 
tremely good. 

The question of wagon-building does not, therefore, 
seem to be quite so important as those who favour 
such work at Woolwich would like to make out ; 
neither does the construction of locomotives. We 
have been told that the Arsenal can build wagons at 
a figure below those quoted by manufacturers. But 
when his prices were challenged Sir E. Geddes 
stated that wages and establishment charges could 
not at present be ascertained definitely. Exactly 
so. We remember when certain tramways were 
made out to be paying concerns by the simple 
expedient of not debiting them with costs for 
necessary street widenings. In the same way 
it will be very surprising if, when proper overhead 
costs are added, we find wagon - building in an 
extemporised shop and with a make-shift staff, 
to be cheaper than the work of our well-established 
and equipped private firms. It is said that un- 
skilled labour erected wagons in France at a figure 
which compared well with this country. Here the 
same comment may be made. Costs made out for 
part of a military force in the field are seldom 
accurately inclusive. ‘Ihe work, too, was very 
probably done under conditions which would not be 
tolerated in peace. The fact remains that cheap 
wagons, locomotives, motor cars, or anything else 
can only be procured by production in quantity, in 
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specially equipped works, under organisation speci- 
ally skilled in that line. 

With regard to locomotives we understand that 
the railway companies are to have the first refusal 
of any built at Woolwich, and that the balance 
would be easily marketable abroad. Such trading 
on the part of the State is absolutely unwarrant- 
able. Now we find that an order for a hundred has 
been placed with Woolwich for the home railways, 
although Sir E. Geddes states, as noticed above, 
that our railways have all they can take, and 
several are still in reserve. We are at a loss to 
reconcile these statements. How will our manufac- 
turers view this departure ? Only in one possible 
way. 

In order to build these engines Mr. Lloyd George 
says certain additions to the plant will have to be 
made. Thus is the fact admitted that engines 
hardly wanted at home are to be built in works we 
all know to be unsuitable. Did Messrs. Armstrong 
start engine building at Newcastle without com- 
pletely reorganising and re-equipping the shops ? 
Of course not. Other firms have had to do the 
same, yet we are asked to believe that it is econo- 
mically worth while competing at Woolwich both in 
locomotive and wagon building with our best firms, 
many of whom, in addition to being peculiarly well 
staffed and equipped for the work, are also favour- 
ably placed as regards supplies. This is a complete 
reversal of the Government’s avowed policy of two 
months ago, when it was announced that no com- 
petition with private concerns was intended. The 
new argument as regards wagon building is based 
on price, while in locomotive work either our home 
or export industry is to be interfered with. 

On the broad question of financing of industry this 
departure of the Government can only be viewed 
with the gravest concern. If the railways and 
private owners knew definitely how they stood with 
regard to the future there might be more induce- 
ment for them to adopt some clear line of policy 
as regards new stock. To that uncertainty is now 
added Government competition with private 
enterprise, with what amounts to the object of 
cutting prices. Just when everything possible 
should be done by the Government to reassure, 
and give confidence to, private enterprise, a step 
is taken which, if persisted in, will make capital so 
shy that the business of the country may well meet 
with irremediable harm. Who can say where it 
will stop? From one industry it may spread to 
another till all sense of security is lost. This does 
not seem to be the surest way of putting the country 
on its feet again. In peace Woolwich has often 
before been a source of trouble. It will be remem- 
bered how, years before the war, political capital 
used to be made out of threatened reductions of 
labour at the Arsenal. Itis the same to-day. The 
Government scheme to build locomotives and wagons 
there is intended to bolster up a sick borough. 
Works elsewhere have had to close and the dispersal 
of labour has had to be faced. There is no reason 
why the State should turn trader on lines which are 
bound to be uneconomical and, as regards financial 
security, disastrous to the country, in order to keep 
this community satisfied. Have we any real faith 
in the League of Nations? If we have we need not 
fear to tackle the Woolwich question on bolder 
lines, instead of adopting the make-believe plan 
now on foot. 








PROBLEMS OF CHEMICAL 
ENGINEERING. 

THs chemical engineer, ‘ike the electrical engineer 
although in perhaps a greater degree, is handicapped 
in his constructional work by the unmechanical 
nature of the materials which necessity compels 
him to use. His problems are concerned with the 
handling of corrosive acids or other substances 
which may not only destroy his machinery, but 
which, even if they only attack it to an inappreciable 
extent, may themselves be rendered worthless by 
the contamination they have undergone. If we 
add to these difficulties the fact that any breakage 
or failure of an important part of his apparatus may 
result in a disaster of the first magnitude, we realise 
that the chemical engineer is often faced with 
problems the solution of which demands highly 





specialised knowledge. Chemical engineering is, in 
fact, becoming recognised as a definite profession, 
differentiated both from that of the chemist and 
the engineer. The Society of Chemical Industry em- 
braces a special Chemical] Engineering Section, whic 
met in conference last Monday at the Armstrong 
College, Newcastle-on-Tyne, to discuss the genera! 
question of the transport and distribution of liquids 
in chemical works. The fact that seven out of the 
eight papers presented to the conference dealt with 
the pumping of corrosive acids illustrates how 
acutely the chemist is brought into contact with 
problems of an engineering nature when laboratory 
processes have to be transplanted to manufacturing 
works and carried out on a commercial scale. The 
number of papers on the same subject also serves 
to show that there is by no means general accord 
as to the best methods to adopt. 

Three of the authors advocated centrifugal 
pumps, which, owing to the absence of valves, 
piston rings, &c., would appear to the ordinary 
engineer to be the best type of pump for acids, 
supposing that a pump has to be used. But agree- 
ment did not go beyond this point. Mr. W. Hay- 
hurst, devoted his paper on “ Pumping Acids and 
other Corrosive Liquids,” to an advocacy of the 
“‘Ceratherm”’ pump, made with a new kind of acid- 
ware of unspecified composition, but claimed to be 
quite insoluble in almost any corrosive liquid. 
Furthermore the material, it was said, could be 
heated to redness and plunged into cold water 
without fracture. It could also be manufactured 
more accurately than the old earthenware pump, 
and structurally was stated to be greatly superior 
to the German earthenware pumps which were 
largely imported before the war. These were liable 
to crack when pumping liquids of variable tempera- 
ture, and in any case were unsuitable for anything 
but very low lifts. The “Ceratherm” pump could 
work under a head of 200 ft. or 300 ft. if necessary, 
and the only gland being on the suction side, no 
trouble arose from leakage. These pumps had been 
in use for two years dealing with sodium peroxide 
solution, both hot and cold, which was an extremely 
troublesome substance to pump, as the slightest 
particle of metal getting into the solution would do 
considerable damage. They were also used for both 
hot and cold hydrochloric and nitric acids, while 
acetic acid could be dealt with equally successfully. 
In fact, the speaker maintained that any acid or, 
corrosive liquid could be safely handled by the 
“‘Ceratherm ”’ pump against any head met with in 
chemical works. Although high efficiency is perhaps 
not of primary importance in the case of such small 
machines it is interesting from the engineering 
point of view to learn that an efficiency of 71 per 
cent. is claimed for a little pump throwing only 
150 gallons per minute against a head of 35 ft. 
and running at 1,665 r.p.m. 

In his paper on “ Centrifugal Pumps for Sulphuric 
and Nitric Acids” the author, Mr. S. J. Tungay, 
described the advantages of the “ Ironac” pumps 
of the Haughton Company, who are well-known as 
makers of chemical pumps. These are of the 
centrifugal type, with one, two, three or four stages, 
according to the head desired. For dealing with 
sulphuric acid up to a head of 100 ft., the author 
advocated a two-stage pump of regulus metal, 
which is lead alloyed with 10 per cent. of antimony, 
the design embodying one gland only, and that on 
the suction side. Two ring-oiled bearings and a 
ball-thrust bearing supported the shaft. Such a 
pump, when lifting sulphuric against a head of 75 ft., 
was driven at 2,460 r.p.m., and took 1-9h.p. For 
pumping nitric acid a most successful pump was 
made of very high silicon iron throughout, this 
material having remarkable acid-resisting properties. 
The pump had an end-suction, the impeller and 
spindle being all in one piece, and a long sleeve 
and wax-filled stuffing-box prevented leakage at the 
single gland. The spindle ran in totally-enclosed 
ball bearings. At the Greetland explosives factory, 
five pumps of this type had, between them, raised 
22,000 tons of 85 per cent. nitric acid at a tempera- 
ture of 125 deg. C., to a height of 60 ft. without 
any expense at all for renewals or repairs. Equally 
good service had been obtained in connection with 
nitric acid pumping at other munition factories 
during the war. 
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The third type of centrifugal pump of which the 
merits were brought before the conference, was the 
““Marclen” pump described in a paper read by 
Mr. R. A. Stewart. The special feature of this 
pump is not the material of which it is constructed, 
as this, while usually consisting of acid-resisting 
metal, may equally well be ebonite, earthenware, 
silicon-iron alloy, or even stone. The essential 
difference between the “ Marclen” and other pumps 
consists in the fact that the former is so designed 
that no gland at all is necessary, thus doing away 
with what often proves a considerable source of 
trouble. The pump is arranged with a vertical 
spindle, and the casing in which the impeller works 
‘'s submerged in the acid, being rigidly suspended 
from girders across the top of the acid tank. The 
spindle revolves in bearings in a frame carried by 
the girders and is supported by a ball thrust at the 
top. There is thus no rubbing contact of the 
spindle at any point except in the bearings, which 
are, of course, well clear of the acid. To prevent 
the deep submergence which might otherwise be 
necessary it is often most convenient to place the 
pump in a small tank to which the flow from the 
large storage tank is regulated by a float. It was 
stated by the author that Marclen glandless pumps 
had been work:ng for over two years with such 
corrosive liquids as concentrated and dilute 
sulphuric, phosphoric and hydrochlori~ acids, also 
with strong alka'is at boiling temperature containing 
heavy sediment and ashes. The total absence of 
anything of the nature of a gland is certainly an 
advantage when gritty liquids have to be dealt 
with, and the design might find a place in other 
classes of engineering work. : 

The squeegee positive rotary pump, constructed 
by the Avamore Engineering Company, Limited 
was described by Mr. R. A. Pelmore, B.Sc., 
but as this was illustrated and fully described in 
our issue of October 3 last (page 455) there 
is no need to make further reference to it. Other 
methods of lifting acids, besides pumping them, 
were a'so, however, brought to the notice of the 
members of the conference. 

In a paper on “The Elevation of Acids by the 
Kestner Patent Automatic Elevator.” the author, Mr. 
J. Arthur Reavell, described the principles upon 
which the two standard types of Kestner elevators 
work. In the ntermittent type, as soon as the eleva- 
tor body is ful! of acid it is automatically discharged 
by means of compressed air. When the discharge 
of acid is complete the air inlet valve is auto- 
matically shut and an exhaust valve opened, thus 
restor:ng atmospheric pressure and allowing another 
charge to enter the elevator. The continuous type 
has two elevator bodies which fill and discharge 
alternately so that a continuous delivery can be 
obtained for the operation of acid sprays in con- 
centrators and for other purposes. Compressed air, 
however, can be applied in another way to the 
raising of acids, namely by the “ Air lift” method, 
which is well known in connection with the raising 
of water from boreholes. The air-lift system of 
elevating acids, as developed by the Sullivan 
Mach‘nery Company, of Chicago, was described by 
Mr. John Oliphant, who discussed the safety, 
flexibility and ease of control which the method 
permitted. 

Besides having the advantage of hearing the 
various kinds of apparatus to which we have alluded, 
described by those who were especially qualified 
to do so, the conference was treated by Mr. 
J. H. West, to a comprehensive survey of 
all kinds of pumping and elevating plant 
used in chemical works. His paper, entitled 
“ General Types of Pumping Plant used in Chemical 
Works,” was only presented in abstract at the 
meeting, but will shortly be published in full, when 
it should form a valuable compendium of modern 
pumping methods in connection with corrosive 

iquids. 

We ment‘oned above that only one of the papers 
read at the conference dealt with a subject apart 
from the question of pumping acids. This one. 
entitled “The Handling of Petroleum in Bulk 
at Thames Haven,” by Mr. N. A. Anfilogoff, 
described the methods used at what is the 
largest oil storage and handling depot in Europe. 





The pumps and pipe lines by which oil 's 
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taken from tank vessels and other containers 
were“ described in considerable detail and a great 
deal of data useful to those having to handle oil in 
large quantities were given. We hope to refer again 
to this subject at a later date. 


THE AIR SERVICE AND THE AVIATION 
INDUSTRY. 

AttHouGcH the need for drastic reductions in 
national expenditure has become painfully obvious 
during the past few months, there are some direc- 
tions in which economy may not be quite justified 
when a “long view” has to be taken. The pro- 
posed expenditure of 15 million pounds per annum 
for the next few years on the permanent peace 
organisation of the Royal Air Force may prove 
an instance of this. This sum having been approved 
of by the Cabinet, the Chief of the Air Staff, Sir 
H. M. Trenchard, has prepared a scheme which, 
although satisfactory in some respects, is necessarily 
of limited extent to conform with the expenditure 
allowed. According to the provisional programme 
it is proposed, during the next three years, to 
establish at home a striking force of four squadrons, 
six training wings of three squadrons each, two 
squadrons for co-operation with army divisions, 
about five squadrons for working with the naval 
fieet in home waters, and one communication 
squadron. In addition there will be four experi- 
mental stations, several schools and training centres, 
a number of repair and stores depots, and an air- 
ship station. Overseas there will be eight squadrons 
in India, seven in Egypt, three in Mesopotamia, 
and one squadron of seaplanes each at Malta and 
Alexandria, as well as a flight of float seaplanes 
on a carriér for service in the Mediterranean. The 
total thus amounts to about 50 squadrons, and as 
a squadron consists of from 18 to 20 machines 
the total number of aeroplanes employed would be 
about 1,000. Evidently the aircraft industry will 
not flourish on Government orders alone. 

The governing principle underlying the formation 
of the present scheme has been to reduce the 
service squadrons to the minimum number con- 
sidered to be essential for overseas garrisons, and 
to keep a very small number at home in reserve, 
while concentrating the remainder of our resources 
on the training of officers and men. No one will 
dispute the desirability of securing an efficient 
personnel, but to our mind it is no less important 
to provide means by which matériel can be pro- 
duced rapidly to meet an urgent demand, or at all 
events to see that such means exist. With the 
lessons of the late war so fresh in our minds there 
should be no need to urge the importance of the 
part that aircraft will play in future wars. The 
only defence against aircraft is the ion of 
a larger and more efficient air force than that of 
any possible enemy, so that the air service seems 
to be at least of equal consequence to the field 
and sea services, to neither of which it should be 
subservient. ; 

The principle of independence, it is stated in 
the memorandum prepared by Sir H. M. Trenchard, 
has been borne in mind in formulating the proposed 
scheme, but nevertheless it appears that two 
parts of the whole organisation will be used for 
work with the army and navy respectively, and 
these are expected eventually to become branches 
of the older services. Co-operation between the 
three services is certainly essential to any scheme 
of national defence, but it is also desirable that the 
necessary degree of co-operation should be secured 
without any risk of the younger and, at present, 
weaker service coming under the control of the 
older and stronger services. A possible solution 
worthy of full consideration was put forward by 
“a. Churchill during the debate on the subject 
in the House of Commons on Monday last, viz., 
the eventual formation of a combined Imperial 
War Staff for the three services actuating and 
operating under a single control. In the mean- 
time the proposal is that Mr. Churchill will under- 
take the duties of both the Secretary of State for 
War and the Air Minister, though we are certainly 
i agreement with Major-General Seely in con- 
sidering that the duties and responsibilities of the 
'atter office are sufficient to occupy the undivided 
wttention of any one man. 








In considering the question of the future: of 
the air service it is difficult, and in fact inadvisable, 
to do so without reference to the subject of civil 
aviation. We have already referred (on page 689 
ante) to the excellent work of the Department of 
Civil Aviation, and have called attention to the 
fact that the development of this means of transport 
is of direct interest to the State in connection with 
the provision of men and machines for the Royal 
Air Force. For this reason, if for no other, it is 
essential to keep the aircraft industry in being 
until it is rendered self-supporting by the growth 
of commercial aviation. State aid, so far, has taken 
the form of the development of air routes, the 
provision of aerodromes, the supply of meteorological 
information, &c., and although work of this kind 
is of the utmost value and is highly appreciated, 
some more direct support seems necessary in view 
of the comparatively small expenditure proposed 
in connection with aircraft construction. The 
example of the Commonwealth Government in 
offering a large prize, recently won by Capt. Ross- 
Smith and his companions, for a flight from England 
to Australia, might well be foliowed by the Home 
Government. Aircraft manufacturers, for instance, 
might be encouraged in experimental work by 
awarding prizes for the best design of machine to 
fulfil certain stated conditions, or experimental 
work along approved lines might be directly sub- 
sidised. Some such aid, at least during the period 
in which commercial aviation is developing, appears 
to us to be essential to prevent the industry from 
dwindling to a serious extent, although recent 
achievements in flying under peace conditions seem 
to indicate that help will not be needed for a very 
extended period. It is of the utmost importance 
that there should be a great nucleus of manu- 
facturing resources to meet instantly the intensive 
demand for large squadrons of aeroplanes should 
the necessities of war ever again arise. The 
achievements of the Atlantic flight and the flight 
to Australia, both of which were accomplished 
by a Vickers-Vimy aeroplane fitted with Rolls- 
Royce engines, prove capacity in design, but 
producing facilities must be available in case of 
necessity. It is gratifying, for the education of 
the public on this vital question, that the actual 
machine which made the historic Atlantic flight 
was presented to the nation on Monday last by 
Mr. Douglas Vickers of Vickers, Limited, and 
Mr. Claude Johnson of Rolls-Royce, Limited, and 
has been included in the Aeronautics Exhibition 
in one of the new galleries of the Science Museum 
at South Kensington. The machine used in the 
Australian flight will be presented to the Common- 
wealth Government on its arrival in Melbourne. 





ELECTROLYTIC IRON AND THE ELEC- 
TROLYTIC FORMATION OF PER- 
CHLORATES. 

Two of the papers, which the Faraday Society 
discussed in its meeting of Monday last, concerned 
electrolytic processes and may be noticed together, 
though they were of different natures. Both the 
communications are the outcome of war work, 
but will retain their interest in peace time. The 
first paper, by Lieutenant W. A. Macfadyen, M.C., 
B.A., dealt with the “Electrolytic Deposition of 
Iron ” for engineering purposes, the object being to 
determine the conditions under which suitable iron 
deposits could be produced on steel bases so as to 
avoid the necessity of having to scrap worn-down 
parts of machinery or parts accidentally machined 
a few thousands of an inch too low. The second 
paper, by Mr. J. Guilfoyle Williams, B.Sc.; A.LC., 
on “ The Electrolytic Formation of Perchlorate from 
Chlorate” described the manufacture of sodium 
perchlorate. Perchlorates are wanted for pyro- 
technics and explosives, and the sodium perchlorate, 
if not directly applicable, is prepared as an inter- 
mediate product to be converted into the potassium 
or ammonium perchlorate. We will first notice 
Mr. Macfadyen’s paper. 

The chief difficulties in the electrolytic deposition 
of iron arise from the fact that the equilibrium 
potentials of iron (in neutral ferrous sulphate 
—0-46 volt) and of hydrogen (—0+41 volt in 
neutral solution) lie so close together. The ionic 
ratio Fe --/H~ should therefore be high, the H- con- 





centration only sufficiently high to prevent the 
formation ‘of ,basic salts, and those conditions are, 
according to Foerster, Pfaff,:.Burgess and Ham- 
buechen and others, best secured by solutions of high 
iron concentration and relatively high temperature ; 
in baths of 50 deg. and 75 deg. C. the hydrogen 
percentage in the iron deposited—and, together with 
it, probably, the brittleness of the iron—goes down 
considerably. The electrolyte is either ferrous 
sulphate, or preferably the double salt, ferrous 
ammonium sulphate, because the latter is less readily 
SeenEEL Oy sugeasen So. fin ait We. wees. eae 
the bath turbid with ferric hydrate. Ferrous 
chloride is also used as electrolyte. Until recent 
years electrolytic iron had hardly been deposited 
outside the plating shop, for steel facings of dies 
and blocks (for banknote printing, ¢.g.). The 
electrolytic refining of iron has never made headway. 
During the war, however, Germany* started large 
plants for producing electrolytic iron for the driving 
bands of shells and other purposes, and the dis- 
cussion of Mr. Macfadyen’s paper brought out the 
fact that many parts of aircraft machinery and 
motor vehicles had been trued up again in our war- 
workshops since 1915. 

In his experiments, which are distinguished as 
concentration and acidity tests, Mr. Macfadyen used 
ferrous ammonium sulphate as electrolyte, the 
commercial double salt being very pure. The 
anodes were thick plates of Swedish iron containing 
only 0-16 per cent. of other elements ; the cathodes 
were either thin strips of mild steel, 5 in. by 2 in. 
by 0-02 in., or steel tubes, 6 in. long, 1 in. diameter ; 
the anodes surrounded the cathodes, the area ratio 
ranging from 3:1 to 6:1; the baths used in the 
acidity tests had a considerable capacity, being 
enamelled iron vats holding 95 litres of solution. 
As iron does not adhere well to steel, the cathodes 
were first covered with a very thin film of copper 
by being suspended in an alkaline copper cyanide 
bath for 5 minutes or 10 minutes. Mr. Macfadyen 
learnt later that the initial copper coating can be 
dispensed with. In any case, however, the cathodes 
require very careful cleaning, and they were there- 
fore, after wiping off any grease: (1) boiled in 
10 per cent. caustic soda for 1 hour; (2) scoured 
with Calais sand and water; (3) coppered; (4) 
rinsed in flowing water, and then quickly trans- 
ferred to the iron bath. In the acidity tests the 
cathodes were either: A, boiled in caustic as (1); 
B, cleaned electrolytically as cathodes in a bath of 
caustic soda and sodium cyanide with currents 
of from 30 amperes to 50 amperes per square foot ; or, 
C, rubbed with emery. Then followed scouring with 
pumice and water, dipping into diluted sulphuric 
acid, after which the articles were again scoured, 
coppered, scoured with Calais sand, dipped in acid, 
once more sand-scoured, and transferred to the bath. 
The A treatment answered best. To test the 
adhesion, the specimens were bent through 180 deg., 
the tubes squeezed flat, exposed to glancing hammer 
blows (this test proved very instructive), sawed and 
ground with emery. 

It was found in the concentration tests that dilute 
solutions containing up to 100 grammes of sulphate 
per litre of water, gave excellent deposits, but would 
not bear current densities extending 3-5 amperes per 
square foot—which means very slow iron deposition 
at the maximum rate of 0-00017 in. per hour. 
Concentrations of from 100 grammes to 300 grammes 
yielded pitted unsuitable deposits; but concentra- 
tions from 315 grammes upward to saturation 
(410 grammes per litre) again gave excellent deposits 
at 16 amperes and even 24 amperes per square foot 
—which means a deposit thickness of 0-01 in. per 
hour. The peculiar unsuitability of medium con- 
centrations was not explained. The potential 
mostly ranged from 0-6 volt to 1 volt; when it 
rose to 2 volts, ferric hydrate spoiled the bath and 
the iron. 

In the acidity tests the concentration was 
350 grammes per litre, and sulphuric acid was 
added to the bath. A neutral bath quickly turned 
dirty ; baths which were 0-005 normal (with respect 
to the acid) proved excellent; when the acidit; 
rose to 0-01 normal, the iron suffered, turned dark 
and brittle, cracked and peeled, and such a cathode 





* Compare ‘ Metallurgy in Germany during the War.”’ 
ENGINEERING, August 8, 1919, page 184. 
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would, when dried, crackle audibly for some time 
when held in the hand. In long-continued runs the 
acidity decreased, though no 80, or other sulphur 
compounds escaped ; the acid should therefore be 
renewed at intervals. The current efficiency was 
always high, diminishing from 100 per cent. in 
neutral solution to 95 per cent. in 0-005 normal 
and more with more acid. Hydroxides appeared in 
the deposit, in thin layers parallel to the surface, 
especially when the concentration was high and the 
bath cold, 

The electrolyte of the large vat (95 litres) 
deteriorated altogether in four months, though the 
ordinary impurities and also organic impurities were 
absent, but the apparently hopeless electrolyte 
was regenerated by shaking it with 750 grammes of 
charcoal. Mr, Macfadyen’s slides exemplified very 
strikingly this novel improvement of the baths—cold 
and also hot—by charcoal. Especially in neutral 
baths a reddish or yellowish precipitate gradually 
formed—probably basic sulphates, as Dr. J. R. 
Partington pointed out, which would also account, 
Dr. H. Borns suggested, for the unexplained dis- 
appearance of the sulphuric acid from acid bath. 

So far the baths had been cold. At higher tem- 
peratures, Mr. Macfadyen could work with very high 
current densities, 160 and more amperes per square 
foot; he did go up to 1,000 amperes, but recom- 
mended 100 amperes at 65 deg. C. and 0-005 normal 
acidity ; with charcoal even neutral and slightly 
alkaline baths became quite serviceable. While 
experimenting here Mr. Macfadyen heard that 
in France the initial copper-plating was dispensed 
with and the article first cleaned as anode in an acid 
bath. This anodic cleaning which one speaker 
claimed as his patented invention, is very familiar 
to electropiaters, of course. Nor is the next point, 
the heat treatment of the article on which iron has 
been deposited, quite novel. But the treatment has 
certainly been remarkably successful. According 


to Oliver W. Storey the heating must go up to the A, 
point really to make the iron deposit granular and 
to weld the iron to its base. Mr. Macfadyen con- 
firmed this by many fine micrographs. After he had 
heated his tubes or strips three times to 850 deg. C. 


the demarcation line between the steel and the iron 
was still quite plain, and the iron not yet granular. 
But half an hour’s heating to 950 deg. C. rendered 
his specimens quite homogeneous and the iron 
granular. Case-hardening at 850 deg. and slow 
cooling after heating to 900 deg. also obliterated 
all trace of a dividing line. 

These results are exceedingly interesting, and 
they were supported by Major Ross, R.A.F., who 
had been working in France since 1915, where 
they had been able to effect very substantial savings 
by electrolytic and thermal treatment of dies, 
ball races and other parts. Major Ross stated that 
they used cold agitated baths (not stagnant as 
in the case of those used by Mr. Macfadyen), 
neutral or slightly acid or also alkaline; they 
also oscillate the anodes, and mostly worked at 
8 amperes per square foot. As they mount their 
baths round the articles, adapted to their shapes, 
they are not tempted to try very high current 
densities, and their deposit-thickness does not exceed 
0-005 in. Mr. Macfadyen showed one tube covered 
with 4 in. of apparently very good iron, though 
that specimen had not been tested mechanically. 
He was criticised during the discussion, in which 
Mr. H. E. Hughes, F. 8. Spiers and others, took 
part, for not having analysed his specimens ; but 
his tables and photographs gave particulars of a 
very large number of tests, mostly continued for 
more than 24 hours. He had not, he said. 
had time for thorough analytical studies of the 

, and a few more analyses would have been 
of little use. His work was done in Sheffield 
University under the direction of Mr. W. R. Barclay, 
for the Electrometallurgical Committee of the 
Ministry of Munitions. Electrolytic repairing of 
iron followed by thermal treatment, in the sense 
mentioned, has been taken up in this country, and 
Mr. Macfadyen’s contribution to the literature on 
the subject is very welcome. 

We now pass to Mr. J. Guilfoyle Williams’ paper on 
the “Electrolytic Formation of Perchlorate from 
Chlorate.” The perchlorates of the alkali metals 
are more stable than the chlorates, but the free 


perchloric acid is explosive. The perchlorate of 
potassium KC1O,, can be prepared by heating the 
dry chlorate which melts; oxygen is given off, 
chloride KC! is left, and some KCIO, is also formed. 
Similarly the electrolysis of the chlorate yields 
perchlorate and some chloride. It is assumed that 
the ClO,’ ions discharged give with water HCI1O,, 
HClO, (hypochloric acid) and oxygen, the HClO, 
being then oxidised to perchlorate. The electrolysis 
has been studied by Winteler, Oechsli, Couleru and 
others, and is said by Winteler to be favoured 
by high chlorate concentration, artificial cooling of 
the anode, an acid anolyte and current densities of 
from 4 amperes to 12 amperes per square decimetre. 
According to Allmand’s “ Applied Electrochemistry’ 
Mr. Williams pointed out, the electrolysis of sodium 
chlorate was industrially performed with slightly 
acid chlorate concentrations of 60 per cent. or 70 per 
cent. at 10 deg. C., by currents of 6-5 volts or 
7 volts at a density of 8 amperes per square decimetre 
in cells provided with cathodes of iron and anodes 
of smooth platinum; the current efficiency fell 
from 100 per cent, to an average of 85 per cent. 
From experiments carried out on an industrial scale 
with baths of 250 litres capacity, Mr. Williams 
concluded that these figures required modification. 
The efficiency was improved by heating ; it did not 
fall off up to 60 deg. C., and the conversion did not 
appear to stop at 80 deg. The chloride content of 
the electrolyte tended towards an equilibrium 
depending on temperature, being 2 grammes of 
NaC] per litre at 31 deg. and 4-7 grammes at 5-9 deg. 
Neutral and slightly acid baths soon turned alkaline 
to phenolphthalein during electrolysis ; addition of 
acid once per day had no effect; but frequent 
additions of acid especially to hot solutions (60 deg.) 
increased the efficiency by 4-6 per cent. As regards 
the average energy of consumption for the pro- 
duction of 1 kg. of perchlorate Mr. Williams hardly 
differed from Allmand; he found 3-6 kw-hours 
(against 3-5), decreasing to 3 kw.-hours at 59 deg. 
But he observed little ozone generation, except when 
the chlorate concentration fell from 600 grammes or 
700 grammes per litre initially to 10 grammes and 
less. 





THE THEORY OF RELATIVITY. 

THE discussion on the Theory of Relativity, which 
the Royal Astronomical Society held on Friday, 
December 12, under the presidency of Professor A. 
Fowler, hardly admits of abstracting and will have 
to be studied in the full report. Everything is so 
relative that abridged statements are apt to become 
misleading and unprofitable. We wish, however, 
on account of the great interest felt in the subject 
at the present time, to draw attention to this 
important discussion and to some novel points 
raised,‘ although the proceedings of the Royal 
Astronomical Society are not as a rule commented 
upon in our columns. 

In opening the discussion, Professor Eddington 
remarked that, the generalised theory of relativity 
being the most profound theory of Nature, embracing 
all phenomena of physics, he would confine himself 
to an attempt at explaining the conception of time 
and space which the theory introduced. The 
ordinary distinction of space and time was merely 
an idiosyncrasy of the observer. The right and left, 
forward and backward, of space merely related to 
the way in which the observer was standing, and 
the before and after of time to the way in which he 
was progressing and travelling through external 
space. When we combined space and time in four- 
dimensional space, familiar properties like straight 
and crooked disappeared. An instant of time at a 
point of space was called an event; between two 
neighbouring events a measurable relation existed, 
called an interval. Though finality as to the right 
way of measuring intervals might not yet have been 
reached, the interval seemed to be something 
inherent in external nature, and was not like 
“* distance ” and “ duration ”—terms which had no 
meaning until some observer was specified. It was 
possible to join two points or events by tracks; by 
dividing each track into portions and by measuring 
these intervals, we could find the interval of a track, 
and there was this peculiarity that among. the 
multitudes of possible tracks there was one unique 
track, the “ geodesic,” which corresponded to the 








straight line, but it was the longest track, and not 
the shortest straight line between two points of 
Euclidian geometry. Every moving particle described 
a geodetic if undisturbed ; the track of the Earth 
along one of these longest tracks would resemble 
a spiral. In measuring, the observer had to proceed 
along the track. If he deviated from it, he would 
not as a rule recognise the fact. If he did, he would 
ascribe the deviation to his being surrounded by a 
field of force. Einstein’s laws of motion now, it 
was not generally known, were a consequence of 
his law of* gravitation, and his gravitation was of 
the nature of a centrifugal force ; his time and space 
did not fit into Euclidian geometry, and required 
some form of geometry such as developed by 
Riemann. Coming, in his concluding remarks, back 
to the four-dimensional continuum and Minkowski’s 
world lines, Professor Eddington said that we could 
not picture to ourselves all the events, past and 
future, mapped out in the world. But we need not 
emphasise that difficulty, because it had nothing 
to do with ‘physics. 

Mr. J. H. Jeans, the second speaker, stated that 
he would limit himself to showing how the founda- 
tions of the relativity theory had been laid, and 
well laid, by physicists. The propagation of light 
might be explained on the undulatory or on the old 
corpuscular theory ; in either case the wave would, 
after an interval, form a sphere, the radius of which 
should apparently change, on the first theory, with 
any movement of the observer and, on the second, 
also with any change of the velocity of the light 
source. But no such change could be observed, 
either in the Michelson-Morley experiment, or in 
Majorana’s experiments* with rotating mirrors, de- 
monstrating the constancy of the velocity of light 
emitted by a moving source. That the observer 
always appeared to be in the centre of the wave 
sphere could be understood by imagining the 
systems of co-ordinates of different observers to 
be rotated about the common origin, and in that 
case the space axis of the one observer would be a 
time axis to the other observer. 

The dynamical equations led¥to the equations of 
electromagnetic phenomena which Einstein had 
explained by proving that there must be a con- 
traction in time in addition to the Fitzgerald- 
Lorentz contraction in space. One of the conse- 
quences of these considerations was that the 
resultant of two velocities could no longer be found 
by simple addition. Mr. Jeans would not lay too 
much stress on the confirmation of the relativity 
theory by the eclipse observation; but he was 
satisfied with the explanation of the Michelson- 
Morley experiment. If we understood Mr. Jeans 
rightly, he did not wish to commit himself to the 
generalised theory of Einstein. 

Sir Frank Dyson, then called upon, said that he 
merely desired, with the aid of a slide, to obviate 
misunderstanding of the actual eclipse measure- 
ments made. The photographic images of the stars 
had diameters of 3 seconds or 4 seconds of arc, the 
displacements observed were of the order of 1 second, 
and the actual displacements, as measured on the 
photographic plates, amounted to 0-02 mm. 

Sir Oliver Lodge, rising next, readily accepted the 
verdict of the Astronomer Royal, but he could not 
accept Einstein wholly, and it was rather astonishing 
that Professor Eddington himself thought that he 
understood what he had brought before them. The 
whole trouble had arisen because the ether had been 
given up, and consideration was concentrated upon 
the observer. Things became complicated if we 
described a landscape as it appeared to the man 
looking through the window of a railway train in 
motion. Sir Oliver could not understand Mr. Jeans’ 
statement that the sphere of light was always 
concentric to the observer. 

Sir Joseph Larmor had contributed two papers. 
In one of these, which was read by Dr. Crom- 
melin in his absence, Sir Joseph started from the 
impressions of living in two-dimensional spaces on 
a flat Earth ; he showed how they would recognise 
the errors of their ways, and he passed over to five- 
dimensional space. 

Dr. L. Silberstein, the next speaker called upon, 
exhibited a slide of the eclipse observations correct 





* Compare EnciInerrine, September 6, 1918, pag: 
263, the Doppler Principle. 
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to scale as regards the Sun diameter and the distances 
of the eleven stars observed from the Sun. What 
he pointed out was that, plotting the actual displace- 
ments from the values of right ascension and 
declination given by the astronomers, he found 
that the displacements were truly radial, as they 
should be, only in a few instances. The direction 
of displacement of stars near the solar poles seemed 
to be shifted anti-clockwise from the radial line, and 
stars near the equator clockwise; a maximum de- 
viation of — 35 deg. from the radial direction was 
shown by star 11 (which is the furthest away from the 
Sun); other deviations from the radial were, ¢.g., 
+ 6 deg., — 9 deg., + 15-7 deg. The deviations 
here referred to might, of course, be due to errors 
of observation. The displacement itself might be 
ascribed to other causes. Lindemann had calculated 
that a density of matter of 10-® or 10-°, which Dr. 
Silberstein did not regard as impossible, near the 
Sun might account for it. Having referred to other 
mathematical points and to the failure of any 
demonstration of a shifting of the spectrum lines 
towards the red, one of Einstein’s three predictions, 
Dr. Silberstein quoted from Einstein’s contribution 
to The Times of November 21: “The great attrac- 
tion of the theory is its logical consistency. If any 
deduction from it should prove untenable, it must 
be given up. A modification seems impossible 
without destroying the whole.” 

Professor F. A. Lindemann objected that the 
density to which Dr. Silberstein had referred could 
not exist near the Sun, without considerable 
scattering, of which there was no evidence. As 
regards the shifting of the spectrum lines, the 
evidence could hardly be but inconclusive. Sir O. 
Lodge had suggested a change of the dielectric 
constant near the Sun; that view would lead us to 
inconsistencies. There were certainly difficulties in 
Einstein’s theory, especially as to his centrifugal 
force, and Eddington’s derivation of the funda- 
mental unit of length from the three universal con- 


stants, viz., the velocity of light, the gravitation y' 


constant, and Planck’s constant h, gave indeed a 
very small unit of length, 4 x 10-*° cm., but the 
unit of mass and other constants came out far 
too big. 

Dr. Harold Jeffries, the last speaker, said he con- 
sidered that all the three predictions of Einstein 
were confirmed. The matter in the Zodiacal light 
or in the Corona would not account for more than 
infinitesimal fractions of the observed light-deflection 
(eclipse) and Mercury perihelion effects—his largest 
fraction was 1/3,000—and the shifting of the 
spectrum lines had been fully confirmed by Evershed 
for some iron and cyanogen lines, and was indeed 
in accordance with some of Mr. C. E. St. John’s own 
figures, though Mr. St. John rejected those obser- 
vations of his taken at Mt. Wilson Observatory 
during the solar eclipse of 1917. Professor Fowler 
interposed the remark that these matters were 
hardly so simple as they had been represented ; in 
view of the late hour, however, he refrained from 
further comments on the discussion. 

We have omitted the mathematics of the dis- 
cussion. To the mathematical mind a space of four, 
five and more dimensions means no more than the 
introduction of one, two, or more axes of reference 
in addition to the ordinary three axes for the purpose 
of facilitating his deductions. To the ordinary mind 
the combination of time and space in a four- 
dimensional space, especially if further finite and 
curved, is very hard to conceive. We do not 
possess any model ; none is possible, probably. But 
after all few of us can realise infinite space and 
time any better than finite space and time. 





NOTES. 

Excess Prorrr Duty anp Patent Royawtrzs. 

AN important appeal concerning the liability of a 
recipient of royalties on patents for excess profit 
duty, was dealt with in the King’s Bench Division 
of the High Court of Justice on the 16th inst. The 
ippellants were the Commissioners of Inland 
Revenue and the respondent Mr. Charles T. B. 
Sangster, of Birmingham. The latter had during 
the year ending August 31, 1915, been in the receipt 
of royalties amounting to 14,1451. on patents 
for a war appliance manufactured by a company 
named Decimals,}Limited. Mr. Sangster was a 
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director of the company, but the patent had not 
been sold to the company and remained his personal 
property. It was contended by the Commissioners 
of Inland Revenue that, under the circumstances, the 
sum received was rightly to be regarded as profit 
arising from a trade or business, and consequently 
was subject to excess profit duty. Mr. Sangster 
had appealed against the assessment of the royalties, 
and the matter had been decided in his favour by 
the Commissioners for Special Purposes. The 
Commissioners for Inland Revenue had accordingly 
taken the case to the High Court. The matter was 
decided * again in Mr. Sangster’s favour on the 
16th inst., the Court ruling that the patents were to 
be looked upon as an investment which had been 
called into being by the respondent’s past efforts. 
He had taken out a large number of patents, over 
400 in all, and if he had made a practice of selling 
these patents it might have been contended that 
this constituted a business. He had not sold his 
patents, however, but had retained them and made 
money out of them by granting licences to use 
them. Unless it could be shown that the pro- 
perty called into existence by the patent was sold, 
there was no evidence of the carrying on of a 
business. The appeal was accordingly dismissed 
with costs. 

Tae Witt1am Froupe National EXPERIMENTAL 

TANK. 

Information was recently given of the working 
of the experimental tank for testing ship models 
at the National Physical Laboratory, Tedding- 
ton, by Sir William E. Smith, the chairman of 
the Tank Advisory Committee, during the course 
of a visit of inspection to the tank by the General 
Committee of Lloyd’s Register, on Thursday, the 
llth inst. As most of our readers will remember, 
the tank was presented to the nation in 1911 by 
Sir Alfred F. Yarrow, who was among the visitors 
present, and was put into operation the following 
ear. Since that time considerably more than 200 
models have been tested for private firms alone, and 
improvements ranging from 3 per cent. to 30 per 
cent. have been made in the power required for 
propulsion as a result of the experiments made. 
In one case a 21-knot boat with a displacement of 
23,000 tons, had its effective horse-power reduced 
by 7-4 per cent. to 13,408, and another vessel with 
a displacement of 13,278 tons and a speed of 144 
knots, had been improved to the extent of 13-5 per 
cent., the horse-power in this case being 3,362. As 
a 2 per cent. reduction in power will effect a 
sufficiently large saving in coal consumption in one 
year’s working of an ordinary tramp steamer to 
cover the whole cost of testing a model, the tank 
seems to have fully justified its existence for this 
class of work alone. During the war the tank has 
carried out a great deal of work for the Admiralty, 
including some of the early work on the paravane, 
and particularly in connection with the design of 
flying boat hulls and seaplane floats. With regard 
to the financial side of the work, Sir William 
explained, that, until quite recently, the Laboratory 


per annum, from the Treasury. This sum, together 
with the fees received from clients, had enabled 
the work to be carried on without involving a loss 
to the Royal Society, which bore the financial respon- 
sibility. The Treasury, through the Department 
of Scientific and Industrial Research, has now 
undertaken the responsibility of managing and 
financing the Laboratory in routine matters, but 
something more than mere routine work was 
necessary. Shipowners and shipbuilders were both 
interested in the improvements in the design of 
ships which resulted from the work of the tank, and 
Sir William therefore hoped that they would regard 
it as their duty to assist the tank in every possible 
way so that the funds still needed for special work 
were not lacking. 


Exsecrric Proputsion or Mrercuant Sues. 


Unquestionably the idea of employing an electric 
drive between the main engine and propeller of a 
ship has made some advance in the last few years. 

has been not only in actual application, 
but also in the growth of a more tolerant general 
attitude towards the idea. Much of the credit for 





this advance must be given to Mr. W. L. R. Emmet 


had received a small donation, not exceeding 7,000). | ¥ 





both in virtue of his advocacy of the method and 
also of his connection with the successful applica- 


tions which have been made in the cases of the 
U.S. collier Jupiter and the U.S. battleship New 
Mexico. At the November meetings of the Society 


of Naval Architects and Marine Engineers in New 
York, Mr. Emmet read a further paper on the 
subject, concerning himself with a consideration of 
electric propulsion from the point of view of the 
merchant ship. A comparison was instituted be- 
tween a standard triple-expansion engine drive and 
a turbo-electric equipment for a 8,800 deadweight- 
ton ship, 424 ft. long and 54 ft. beam, and with a 
speed of 11-5 knots. The shaft horse-power was 
taken as 2,500 and the propeller speed as 100 r.p.m. 
On such a ship it was claimed that the electric 
drive would result in an increased cargo space of 
12,000 cub. ft., or nearly 3 per cent. of the total 
capacity of the ship, and that the saving in weight 
of machinery and shafting would amount to about 
69 tons. With 200 lb. steam pressure, 200 deg. Fahr. 
superheat and a vacuum of 28-5 in., it was stated 
that the fue] consumption for all purposes would be 
30 per cent. less in the electric ship than in a normal 
triple-expansion ship. Even if the reciprocating set 
used similar superheat, the electric equipment would 
still show 20 per cent. economy. Mr. Emmet made 
no direct comparison between his electric ship and 
a similar one equipped with a turbine drive and 
reduction gearing, but dealing with the reliability 
of the electric drive compared the reliability of 
gearing unfavourably with it. He stated that there 
had been many failures with double reduction 
gears, and that there “seems to be no type of 
gearing with which trouble has not been experienced 
after long service in cargo vessels.” Against this 
Mr. Emmet stated that “a study of the records and 
uses of such electrical apparatus as is applied in 
this case will show that the equipment is less liable 
to interruption of service than any other form of 
single-screw equipment which is applied to vessels.” 
In view of known facts this appears to be hardly fair. 
According to the figures given by Mr. R. J. Walker 
in his British Association paper of last September, 
the total shaft horse-power of marine geared turbine 
installations is now about 11,000,000. That defects 
have developed in some of the ships which go to 
make up this total] is very probable, but with this 
weight of practical experience which on the whole 
has proved a great success, it can hardly be seriously 
contended that an hypothetical electric drive has on 
the face of it greater reliabiity. The electric ship 
has as yet been built on such a small scale that we 
would not like at present to compare its reliability 
in practical everyday service with that of gearing. 
The geared ship has made its case, and it is open to 
the electric ship to do the same, but the effective 
way to do it is not to depreciate its rivals. 





ELECTRIFICATION OF THE STOCKHOLM-GoTHENBURG 
Ramway.—tThe Railway Council, says Swedish Eapert, 
is now on the point of making an inquiry as to the 
electrification of the Stockholm-Gothenburg line; the 
proposal will probably be laid before the Riksdag next 
ear. The council estimates the grant required at a out 
60,000,000 kronen, not aliowing for locomotives. It is 
considered that this amount may conve. iently be spread 
over three years. In that case the year 1920 will be 
employed for organising and starting a part of the work. 
The years 1921, 1922 and 1923 would be the princi 
years cf actual construction. The Railway Council 
also pro that the electrification of the Gellivara- 
Svartén Railway already decided upon should be pushed 
on more rapidly. Thus the next few years will be 
occupied with very extensive electrifying operations. 


Trape Review sy Messrs. Bortise anp Lowe, 
Lrurrep.—The trade review for the year recently issued 
by Messrs. Bolling and Lowe, Limited, states that never 
in the history of the iron, steel and allied trades has the 
future, and more especially the near future, been so full 
of promise as it is to-day owing to the depletion of all 
stocks. Labour, however, gives cause for anxiety on 
account of its unreliability, and does not appear to realise 
that one and all engaged in industry, in whatever capacity 
whether employer or employed, must work conscien- 
tiously. iderable difficulties, the review adds, 
have Lompered business during the year and these will to 
a great extent be removed when the Government cease 
“control,” allowing buyers and sellers to do business in 
their own way. Variations in prices and the 
situation in vaious countries are dealt with in the review. 
It also states that “this is an age of amalgamations, 
banks, insurance companies, industrial manufacturi 
concerns, as well as labour, taking the lead. If suc 
amalgamations are beneficial, it is singular that merchant 





firms have not, so far, participated in the movement.” 
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THE LATE MR. J. HARTLEY WICKSTEED. 

Tue mechanical industry has lost a well-known 
figure in the death of Mr. J. Hartley Wicksteed, 
which we regret having to record this week. Mr. 
Wicksteed was born on September 12, 1842, and 
died at Leeds on Tuesday last, the 16th inst., and 
was therefore 77 years of age. His health had not 
been good for some time past. 

Coming of a Unitarian family, Joseph Wicksteed 

received his early education at Manchester New 
College, after which he 
was apprenticed to the 
firm of Messrs. Joshua 
Buckton and Co., of the 
Well House Foundry, 
Leeds. This concern was 
at that time in the hands 
of Joshua and George 
Buckton, and was engaged 
chiefly in the manufacture 
of engineers’ tools. Some 
time after his apprentice- 
ship young Wicksteed 
became the firm’s chief 
designer and representa- 
tive, and subsequently 
became responsible for the 
general management. In 
1883, when the firm was 
converted into a limited 
liability company, he be- 
came managing director. 

Mr. Wicksteed was 
intensely interested in 
mechanical appliances 
generally, and his inven- 
tions are numerous, those 
which perhaps have had 
most bearing on engineer- 
ing progress being associ- 
ated with his vertical 
single _lever testing 
machine and _ horizontal 
universal testing machine. 

The development of accu- 
rate testing of materials 
was probably his pet 
subject and he presented 
to the leading technical 
institutions numerous 
papers dealing with the 
difficulties attendant upon 
such work and methods 
of overcoming them. His 
presidential address, for 
instance, read before the 
Institution of Mechanical 
Engineers* in 1903, was 
concerned with the history 
of iron and of the proving 
of engineering material, 
in which the last develop- 
ment at that time was a 
300-ton Buckton testing 
machine, then under con- 
struction for the French 
Government. This large 
machine was subsequently 
described before the 
British Association when 
it met at Cambridge in 
1904.— The same topic 
formed thesubject of anin- 
teresting communication 
laid before the summer 
meeting of the Institution 
of Mechanical Engineers at Cardiff, in 1906, when 
Mr. Wicksteed reviewed the facilities for testing 
materials on a large scale from 1829 till that year.t 

Mr. Wicksteed’s energy was not, however, con- 
fined to testing machines, though this was one of the 
principal products of his firm. He designed and 
produced shears for cutting hot steel blooms, work 
which had previously been done by sawing, 
hydraulic plate shears, a tilting and traversing 
machine for rolling mills, multiple drills and a duplex 








* See ENGINEERING, vol. lxvii, page 599. 
t Soe ENGINEERING, vol. Ixxviii, page 305. 
t See Exemrerrne, vol. Ixxxii, page 189. 





drill for making oval holes in rails, a double-cutting 
planing machine with 50-ft. stroke and an oval 
crank-web slotting machine, &. His minor inven- 
tions connected with testing machines include an 
hydraulic traverse for the steel yard poise with 
automatic control, and an autograph recorder, the 
latter receiving a gold medal at the‘ Inventions 
Exhibition of 1885. 

His connection with the Institution of Mechanical 
Engineers extended over more than [fifty years, as 
he became a graduate of that body in 1868. [In 1882 


[Photograph by Elliott and Fry. 


THE vate Mr. J. Hartitey WIcKSTEED. 


he was transferred to the class of members, and in 
1885 became*a member of council. In 1903-4 he 
was president of the Institution, and during his term 
of office the Institution held its summer meeting at 
Leeds, the success of which was very largely due 
to Mr. Wicksteed’s untiring effort. It may be 
noted in passing that at this meeting pioneer 
papers were read on subjects which have had a 
great influence on many branches in recent years, 
namely, high-speed tool steel, the Diesel engine and 
the multiple plate friction clutch. At the Institu- 
tions, when he joined in the debates, he was an 
interesting speaker, and was always listened, to with 


marked respect as a leader in the mechanica] 
engineering world. He travelled extensively on the 
Continent and in America—a fact which seldom 
fails to leave an impression on a man’s character. 
He became a member of the Institution of Civil 
Engineers in 1889. 

In his native town, Mr. Wicksteed took a pro- 

minent though somewhat quiet part in many useful! 
movements. He joined the Council of the Leeds 
Chamber of Commerce in 1906¥and was president 
of it for two years, viz., 1912 and 1913. In his 
connection with its activ 
ties he attended, in 1907, 
the Associated Chambers 
of Commerce meeting in 
London with the object 
offf opposing ‘the {com 
pulsory adoption of th« 
metric system. He was 
in favour, by preference, 
of a scheme to decimalise 
the ton, and to retain the 
inch. 
*SAs his presidential 
address before the Insti 
tution of Mechanical En- 
gineers, already referred 
to, shows, he was keenly 
interested in the educa- 
tion of engineers. In part 
of this address Mr. Wick- 
steed drew an analogy 
between the proving of 
engineering material and 
the testing of young 
engineers. He was an 
advocate of examination 
tests for apprentices with- 
out which he believed we 
should fill up our works 
with lads not possessing 
the necessary inherent 
qualifications for success 
in the profession and who 
would only turn out 
costly failures. The ques- 
tion of preparing and 
subsequently testing the 
human intellect was very 
complicated and as such 
required a great deal of 
consideration. The devel- 
opments of recent years, 
including the adoption 
of examinations by the 
Institution of Mechanical 
Engineers proves how far 
Mr. Wicksteed’s ideas were 
in accord with what is 
now recognised as an 
essential part of an 
engineer’s training. He 
was a member of the 
Leeds Philosophical and 
Literary Society’s Com- 
mittee which was respon- 
sible for starting the 
Yorkshire College, now of 
the [University of Leeds. 
He was one of the first 
members of council of the 
college. He subsequently 
became a life governor 
of the university, member 
of council and a member 
of the Engineering Com- 
mittee, in connection 
therewith. In 1901-2 he was president of the above 
mentioned Philosophical Society in Leeds. He was 
a Justice of the Peace for Leeds for many years, but 
did not often sit on the Bench. In the early days 
of the Volunteer movement he belonged to the 
Leeds Rifles, and in 1912 he joined the Nationa! 
| Peaeren. a 

In private life he had a wide influence in Unitarian 
circles in Leeds, and did much valuable work in 
connection with the Leeds Unitarian Friend), 
Society of] which he was for some time president 
|The greatest sympathy is entertained for his 
| widow and his four daughters, who survive him. 
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THE LATE SIR JOHN JACKSON. 


WE regret to have to announce the death, which 
occurred suddenly on the 14th inst., at Hascombe 
Range, Godalming, of Sir John Jackson, C.V.O., 
LL.D., F.R.S., F.R.G.S., J.P., formerly Member of 
Parliament for Devonport, and senior of the firm 
of Sir John Jackson, Limited, Contractors, whose 
central offices are 53, Victoria Street, West- 
minster. 

Sir John, whose portrait we reproduce on the 
present page, was 68 years 
of age. He was born at 
York in February, 1851, 
and in that city he re- 
ceived his early education. 
He then entered work- 
shops at Newcastle-on- 
Tyne,‘ where he received 
training in mechanical en- 
gineering. Subsequently 
he entered as an engineer- 
ing student, Edinburgh 
University, where he fol- 
lowed courses under Pro- 
fessors Fleming-Jenkin 
and Tait. We may here 
remark that in memory of 
the latter, Jackson found- 
ed in 1901 the “Tait 
Memorial Fund,” a fund 
which has largely contri- 
buted to research work in 
a number of branches of 
science andindustry. On 
leaving Edinburgh Uni- 
versity he followed a 
training of three years 
as a civil engineer in his 
brother’s business, a train- 
ing which, added to his 
remarkable spirit of enter- 
prise, energy, and initia- 
tion, adequately prepared 
him for the responsible 
position he was to hold in 
after life. 

Jackson started his 
actual business career at 
the comparatively early 
age of 24, and very shortly 
afterwards he secured the 
contract for completing 
the Stobcross Docks, Glas- 
gow, @ contract involving 
work of a difficult nature, 
but which he carried out 
successfully and much 
within the estimated time. 
He then undertook exten- 
sive dock and harbour 
work both in the United 
Kingdom and_ abroad, 
among the first being the 
docks at Middlesbrough 
and Hartlepool and the 
harbour works at North 
Sunderland. He also‘exe- 
cuted the last eight miles 5 
of the Manchester Ship 
Canal, a work which he 
also carried out greatly 
within the time contracted 
for, and in connection with 
which he received the 
order of knighthood in the 
year 1895. The founda- 
tion work for the Tower Bridge on the Thames was 
iso undertaken by him (EnonveerrnG, vol. lvi, 
pp. 353 et seq.), as also were docks and basins at 
Swansea and at Methil in Fifeshire, breakwater and 
docks for the Burntisland Harbour and the deep- 
water lock at Barry. Among his other works of 
great magnitude, of most of which we have given 
illustrated descriptions in former issues, may be 
mentioned the Admiralty Docks at Keyham, 
Devonport (ENGINEERING, vol. Ixxxiii, pages 197 
and 267); the rebuilding of the North Breakwater 
on the Tyne (Encrveerine, vol. Ixxiv, p. 133, 
and vol. lxxxix, pages 78 and 99); the Admiralty 
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| rarbour, Simon’s Bay, South Africa (ENGINEERING, 
vol. xc, pages 591 et seq.), at the opening of which 
»y the Duke of Connaught he received the Com- 
panionship of the Victorian Order; the Prince of 
Wales Pier, Dover; the great barrage across the 
Euphrates at Hindia, near Babylon (ENGINEER- 
ING, vol. xcix, p. 632); the Singapore Harbour 
Works for the Straits Government (ENGINEER- 
ING, vol. cvi, pages 603, 666 and 702); the 
new Breakwater at Victoria, British Columbia ; 
the new Arsenal at Ferrol; the railway line 
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through the Andes, in South America, from Arica 
to La Paz, &c. 

Sir John Jackson was a first-rate engineer as 
well as an eminent contractor. He was per- 
sonally responsible for a large number of the 
special methods for carrying out difficult opera- 
tions, which methods he adopted in connection 
with all his contracts. If we may refer to any 
particular undertaking of his, it may be added 
that he was especially successful in the very 
difficult tasks he was confronted with at Keyham, 
Devonport. The extension by over 100 acres of 
the Admiralty Docks at that place was one of the 
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heaviest works of the kind ever undertaken 
by one firm. It involved an expenditure of over 
£3,000,000, and included a tidal basin opening 
into the Hamoaze, a closed basin and three graving 
docks. The tidal basin has an area of 10 acres 
and over 2,000 ft. of quayage. The three graving 
docks can take the largest warships. Sir John 
was a thorough master of every detail of the 
enterprises he had in hand, and was also thoroughly 
well acquainted with the capabilities of all 
members of [his staff, and knew how to handle his 
men to the best advan- 
tage. Although the 
workmen in his employ 
numbered at times as 
many as 5,000 he never 
had labour difficulties of 
any great duration. 

In the first years of his 
activity he had a partner ; 
later, however, and for a 
great part of his career, 
he conducted his business 
under his own respon- 
sibility. In 1898, and 
for family reasons, he 
registered this business 


as a company under 
the name given at the 
commencement of this 
brief notice, with a cap- 
ital of £1,000,000, he 
holding 90 per cent. of 
the shares. 

Sir John held the 
Grand Cross of the 


Spanish Order of Naval 
Merit, and the highest 
Chilian Order of Merit. 
He was an Associate of 
the Institution of Civil 
Engineers since May, 
1887, and a Member of 
the Institution of Mech- 
anical) Engineers since 
1899. He was President of 
the Junior Institution of 
Engineers during the year 
1901-1902, and delivered 
before that Institution an 
interesting address on 
quite unusual lines, in 
which he reviewed briefly 
the chief departments 
of engineering, and con- 
sidered the education and 
training required to ren- 
der men capable of under- 
taking the various classes 
of engineering work from 
the very commencement 
—that is to say, from 
the inception, the calcu- 
lation and designing 
period, until the work was 
carried out satisfactorily 
to completion. We pub- 
lished this address at the 
time (ENGINEERING, vol. 
Ixxii, p. 695) and need 
not refer to it here at any 
length. We wish, how- 
ever, to recall its last sen- 
tences, since they qualify 
the man, quite apart 
from his engineering 
talent and his achieve- 
ments. Sir John said: “. We should try 
in our relations, business or otherwise, partic- 
ularly with those who are working with us, to 
be sympathetic and open as far as practicable 
with all men. Society would be better for it. 
My great wish is that when my work is done, 
whatever else people may say of me, they may 
speak of me as one who in his business relations 
at any rate tried to do his duty, and also, to quote 
from a memorial card of a dear old friend of mine 
who recently died in the North of England, that 
they might ‘ write me as one who loved his fellow- 


so 


men. 
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Tue machine illustrated on this page was recentl 
constructed by Messrs. Kelvin Bottomley and Baird, 
Limited, Glasgow, for the Argentine Naval Commission, 
for the purpose of computing the tides on the Argentine 
Coast. It is of the type originally designed by Lord 
Kelvin, and is, generally, similar in principle to the 
machines previously supplied by the firm mentioned 
to the French, Brazilian and Japanese Governments. 

The National Physical Laboratory, Teddington, 
acted throughout for both the Argentine Naval Com- 
mission and the manufacturers, giving advice regarding 
the components best suited to give satisfactory results, 
and other technical details. On completion of the 
machine, Mr. Selby, the secretary of the National 
Physical Laboratory, carried through a series of tests 
for the purpose of checking its accuracy at the maker’s 
works, and the National Physical Laboratory issued a 
certificate of examination based on the results of the 
tests. 

The machine performs mechanically the operation of 
summing a series of simple harmonic motions repre- 
senting the various components of the tidal motion ; 
the algebraic sum of these motions is finally recorded 
on @ paper chart in the form of a continuous curve or 
graph. Simultaneously with the recording of the graph, 
certain well-defined marks are impressed on the chart 
to enable the time to be accurately defined. From these 
data, the heights and times of high and low water can 
be measured and reduced to the usual tabular form for 
insertion in tables for the use of navigators, &c. 

The machine consists, essentially, of a main horizontal 
driving shaft carrying a number of gear wheels firmly 
fixed to it, which mesh with another series of wheels 
immediately above (see Fig. 1). This shaft is driven 
by a small {electric motor, fixed to the back of the 
machine, by means of a worm gearing with a worm 





Fig. 1. 


wheel fixed to the shaft. One complete revolution of 
the shaft corresponds to one mean solar day. The 
worm shaft is continued to the front of the machine 
and fitted with a hand wheel to enable the initial 
setting of the components to be*accurately adjusted. 
The motor is disconnected from the shaft during this 
operation. 

In order to make the various motions clear, a detailed 
illustration of one component is given in Figs. 2to 4. A 
bracket A is fixed to the back plate immediately above 
the main driving shaft and carries a secondary shaft, 
which has a radius bar B with an adjustable block C 
attached to one end. A scale ring D divided 0 deg. 
to 360 deg. is fixed to the shaft and radius bar, and 
rotates with it, in order that the crank-pin may be set 
at any predetermined phase angle by means of the 
zero index E fixed to the bracket. To allow the radius 
bar to be set at any determined phase angle, the gear 
wheel F is arranged to run free on the shaft and is 
finally clamped to the shaft by means of the friction 
disc G operated by the milled nut H on the outer end 
of the shaft. The block C, carried by the bar B, has a 
centre pin, which may be set at any predetermined 
distance from the centre of the shaft by means of a 
screw having a pitch of 1 mm.. actuated by the enlarged 
head L. A scale of millimetres is engraved on the bar 
and the head is subdivided into 10 divisions, thereby 
enabling the block to be set accurately to tenths of a 
millimetre. A fiducial line engraved on the block 
reads directly on the millimetre scale on the radius bar, 
and the crank-pin is exactly in the centre of rotation 
when this line reads zero on the scale. A slotted 
crosshead link M is arranged to move vertically by 
means of the guides N, and a simple harmonic motion 
is im to this by means of a sliding piece 
that engages with the pin in the block C. The ampli. 








tude of this motion is determined by the setting of the 
block in the radius bar. Attached to the crosshead M, 
is a vertical rod carrying a pulley, every alternate 
pulley of the series being provided with a counterweight 
arranged to keep the vertical rods with their pulleys 
always in tension. A specially-annealed manganin 
bronze wire is anchored at the left hand of the frame- 
work by means of an adjustable screw, and after 
passing alternately under and over the series of pulleys 
it is attached at the right hand end to a pen, which 
moves vertically over the surface of the drum round 
which the chart paper is fed. As the pulleys rise and 
fall according to the amplitude and angular speed 
of their various components, the vertical portions of 
the wire increase or decrease in length, thereby causing 
the pen to move vertically up or down at a rate equal 
to twice the algebraic sum of the motions of all the 
pulleys. The vertical guides for the pen are arranged 
so that their centre line lies in the vertical plane 
tangent to the drum surface over which the pen point 
travels, at right angles to the axis of the driving shaft. 
The plane where the pen frame encircles the vertical 
guides is in line with the point where the pen meets the 
drum surface, thereby preventing any oscillation of 
the pen from imparting any irregularities to the trace 
of the graph on the chart. Suitable counterpoise 
weights are attached to the pen frame in order to keep 
an even tension on the wire. The 10 components on 
the right-hand side of the machine are driven by a 
single gear wheel in contact with the driving wheel 
on the main shaft, but the next two pair of com- 

ments are driven from gear wheels fixed on & 
Rollow shaft encircling the main shaft. They are 
driven from a secondary shaft fixed to the back plat 
and rotated at a suitable speed by a spur wheel fixed 
to the main shaft. This was rendered necessary by 
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the gear ratios of two of the components. These con- 
sisted of 732 and 802 teeth on the drivers to 315 and 
423 on the driven, and on centres 4} in. apart, the pitch 
of the teeth was impracticable. 

The two components on the left-hand side of the 
1achine represent the annual and semi-annual tides, 
the gear ratio for the annual tide being 23 for the 
driving shaft and 8,400 for the radius bar, with corre- 
sponding ratios of 23 and 4,200 for the semi-annual 
component. In order to get the necessary gear 
reduction, an intermediate shaft, driven from the main 
shaft by means of worm and bevel gearing, is fitted 
immediately above the secondary shaft carrying the 
radius bar. The arrangement of the gear can be 
readily seen at the left-hand gide of Fig. 1. 
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and drive it, without slip, past the recording pen. 
The small holes made by the needle points also enable 
the exact time to be ruled off on the chart and eliminate 
any error due to the stretching of paper. The chart 
paper consists of a roll of bank web paper wound on a 
cardboard tube and of sufficient length to complete 
the greph for eye a days. There are no lines of 
any kind prin on the paper, all necessary marks 
being made by the needle points as the paper passes 
round the main 

The roll of paper is slipped over the drum on 
the extreme right, ‘shown in Fig. 5, and one end 





The main drum which drives the chart paper past 
the recording pen is worked directly from the driving 
shaft by means of two bevel wheels arranged to give 
one revolution of the drum for three of the main 
shaft. The drum is fitted with ball bearings arranged 
in suitable housing brackets fixed to the to 


passed round the main drum towards the back-plate 
to the storing drum, shown between the main and 
supply drums, and to which it is attached. The supply 
and storing drums are connected by an endless cord 
_— round pulleys fixed to the lower end of shaft. 

he pulley on the supply drum shaft is the larger of 
the two, and is fitted with an adjustable friction drive 
between the pulley end the This device is 
desirable to ensure that the paper, unwound from the 
supply drum when the roll is the full diameter, shall be 



































k plate, | re-wound without slack on the storing drum. As the 
TABLE I, 
| Low Water. ' High Water. 
| 
Date. | Aden Tide Gauge. | Kelvin Tide Predictor.| Aden Tide Gauge. [Ketvn Tide Predictor. 
Time. Height. | Time. Height. Time. Height. | Time. | Height. 
| | 
— _ $$ | |} —_ | —__ |__| 
| hrs. min. ft. in. hrs. min ft. in. hrs. min. ft. in. hrs. min. | ft. in 
April 1 Morning 1 36 22 1 21 22 7 25 610 7 20 6 11 
Afternoon 1 20 20 1 26 21 7 40 7 9 7 41 7 6 
April 2 Morning 265 1 8 2 0 . 8 10 6 8 8 8 6 10 
Afternoon 20 29 1 56 2 6 8 15 7 10 8 5 7 8 
April 3 Morning 2 50 1 4 2 42 1 8 9 5 6 7 8 52 6 7 
Afternoon | 230 3 4 2 29 3 0 8 30 710 8 29 7 8 
April4 ..| Morning | $20 1 0 3 23 1 2 9 50 6 5 9 38 6 3 
Afternoon | 8 0 3 11 2 53 3 7 8 50 Ph 8 54 7 6 
April 5 Morning 40 1 2 3 59 x. 10 50 6 1 10 25 5 10 
Afternoon 3 25 4 5 317 4 1 9 15 7 8 914 7 «4 
April 6 Morning 4 35 1 6 4 36 1 6 11 20 5 9 11 24 5 4 
Afternoon 3 35 411 3 30 ek 9 30 6 11 9 35 7 0 
April 7 Morning 5 10 1 10 5617 111 0 50 5 5 0 59 5 1 
Afternoon 8 20 5 3 3 30 5 0 9 50 6 6 9 49 6 7 























while the top end of the drum shaft is connected by 
suitable gearing to a pointer which indicates, on the dial 
fitted above the drum, the days and months of the year 
that correspond with the trace of the recording pen on 
the chart. On the upper end of the drum, a scale is 
engraved, each division indicating 1 hour of time. 
Every third-hour division is figured and has a short 
needle point that projects into the paper as it passes 
round the drum, with an additional point to indicate 
midnight. The needle points are duplicated at the 
lower end of the drum and serve to grip the paper 


paper unwinds from the supply drum on to the gra- 
dually-increasing diameter of the storing drum, the 
necessary gradual decrease in the storing drum speed 
is accomplished by the slipping of the friction clutch 
on the supply drum pulley. ‘This device has given 
every satisfaction, the only care required in the initial 
adjustment of the friction device consists in ensuring 
that the clutch slips before the tension on the paper 
becomes sufficient to tear it. 

Fig. 6 shows part of a tide-predictor graph drawn 





by the machine. The upper horizontal line is the mean 
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sea level and the lower the datum level of soundings. 
These lines ere drawn by the two stationary pens 
carried by the vertical rod seen to the left of the 
recording drum in Fig. 5. The position for the mean 
sea-level pen setting is found by setting the amplitudes 
of all the components at zero and then rotating the 
drum by means of the hand wheel. The movable pen 
will then trace a horizontal line on the chart, and it 
should be adjusted by means of the screw attached to 
the wire at the left-hand side of the machine to trace 
a line a little above the centre of the chart. The upper 
fixed pen is then set to coincide with this line. The 
datum level sounding is generally fixed at some level 
below the lowest water-level usually reached for the 
port concerned, and the tide heights are measured 
from this datum. The lower pen is set to trace a line at 
the definite distance from the mean sea-level line. 
A typical graph is shown in Fig. 6. 
Taste Il.—Speeds and Gearing. 
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The data required for the prediction ot a tide for 
any particular port are determined by the harmonic 
analysis of tide-gauge records extending over several 
years. The amplitude of each harmonic constituent 
that enters into the production of the tide and its phase 
relationship with all the others having been deter- 
mined, the corresponding components on the machine 
are set to agree with thes? data. The amplitudes, of 
each component are set in accordance with a height 
scale chosen to suit the magnitude of the tides at the 
port in question in order that the graph may be con- 
tained within the width of the paper. When the 
various components are adjusted to correspond with 
the data for the port concerned, the recording drum 
is rotated until the agreed starting hour on the drum is 
vertically in line with the vertical trace of the moving 
pen. To enable this to be accomplished without 
altering the setting of the components, the drum is 
provided with a clutch whereby it may be disconnected 
from its driving shaft. After accurate setting, the 
drum is securely clamped to its shaft, the pointer on 
the day dial set to its correct position and the machine 
started on its run for the prediction of a year’s tide. 
The time scale on the record: produced by this machine 
is 16 cm. per day, and a complete graph for one year 
can be run off, in about 150 minutes, without exceeding 
the inking rate of the pen. 

In order to illustrate the degree of accuracy obtain- 
able by this type of machine in conjunction with the 
constants now available, for most of the important 
ports, an extract from the tide prediction taken by 
the National Physical Laboratory, Suter the inspection 
and tests of the hine, is appended. The com- 
ponents of the machine were set to the constants for 
the port of Aden for the year 1912, and the results 
predicted by the machine were compared with the 
actual times and heights of tides taken from the tide 
gauge at that port for 1912. The comparison is shown 
in Table L. 





It may perhaps be of interest to those who have 
made a study of tidal analysis and prediction to have 
before them, the data of the components incorporated 
in this machine on the advice of the National Physical 
Laboratory as most suitable for the Argentine pcrts. 
These are exhibited in Table II, on this page. 





VALVE FAILURES AND VALVE STEELS IN 
INTERNAL-COMBUSTION ENGINES.* 
By Leste Arrontson, D.Met., B.Sc., A.I.C. 
(Concluded from pag? 802.) 
General Properties of Valve Steels in Use.—It is now 
possible to examine the various types of steels to see how 
far each of them possesses the properties of the ideal 
valve steel as set out above. Each of the 12 properties 
of the ideal valve steel enumerated above can be con- 
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3 per cent. nickel and nickel chromium steels all the 
same. 

2. With respect to the notched bar values at high 
temperatures these do not appear to present any special 
points. As stated above, they appear to be largely a 
reflection of the tensile strength, except that as the 
temperature increases the notched bar value rises very 
much more rapidly than the tensile strength falls. 

3. The order in which the steels should be placed, in 
respect to ease of forging, is almost exactly the reverse 
of the order to excellence as regards strength. The 3 
per cent. nickel steel is probably the most easily forged, 
the nickel chromium steels the next, whilst the high 
chromium and high tungsten steels are all rather poor. 

4. The ease of manufacture free from cracks places 
the steels in exactly the same order as under clause (3). 

5. In respect of ease of heat-treatment, the high 
chromium steels probably come first, although the tung- 
sten steels are very easy to treat. The chromium steels 
are air hardening. They therefore can be heat-treated 
simply by heating to a temperature of about 900 deg. C. 
and cooling in air, after which they can be tempered 
at a temperature up to about 750 deg. C. (Fig. 12, here- 
with). The tungsten steels should be softened com- 
pletely by tempering at a temperature of about 800 deg. 
C., and this operation is facilitated by refining or nor- 
malising the steel by heating to a temperature of 950 
deg. C. previously, followed by cooling in air. The 
nickel steels and most of the nickel chromium steels 
require to be hardened in oil from about 830 deg. C. 
and tempered at a temperature of about 600 deg. C. 
subsequently. Some of the nickel chromium steels 
can be hardened in air from a temperature of about 
800 deg. C. tempered at about 660 deg. C. As explained 
below, however, steels which can be treated in this 
manner are not to be recommended. 

6. With respect to scaling, the advantage here lies 
very strongly with the chromium steels. The high 
chromium steel with low carbon (‘‘ 6” above) scales very 
little indeed, and the high chromium steel with a moderate 
percentage of carbon scales very little more, whilst it is a 
distinct advantage that the scale on the latter steel is 
very adherent. The tungsten steels scale much more 
than the chromium steels, but not quite so much as the 
nickel and nickel chromium steels. 

7. With respect to the retention of physical properties, 
this depends entirely upon the temperature to which 
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sidered separately and the different steels which have 
been in use examined to see how far they possess the 
property of the ideal. For this purpose the author does 
not propose to discuss the steels of all the varying com- 
positions considered above, but to consider only the 
most representative, namely, those which prove to be 
most satisfactory in each group. These appear to be as 
follows :— 

(a) Tungsten steel containing tungsten not less than 
14 per cent. and carbon about 0-6 per cent. 

(6) Chromium steel containing about 13 per cent. of 
chromium and about 0-35 per cent. of carbon. 

(c) Steel containing from 7 per cent. to 12 per cent. of 
chromium and about 0-6 per cent. of carbon. 

(d) Steel containing about 3 per cent. of nickel. 

(e) Ordinary nickel chromium steels. 

1. With respect to tensile strength at high tempera- 
tures the steels can be placed in the following order :— 

High tungsten (‘‘a”’ above). 

High chromium, high carbon (‘‘c”’ above). 

High chromium, low carbon (*‘b”’ above). 





* Paper read before the Institution of Automobile 
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PHOTOMICROGRAPH SHOWING STRUCTURE OF HiGH CHROMIUM STEEL AFTER 
Correct Heat TREATMENT. 


the steel is heated during work. It should be taken as 
an axiom for valve steels that the temperature to which 
steel is to be heated when running in the engine should 
not be any higher than the temperature at which the 
steel is tempered during its heat-treatment. If this 
rule be observed as far as possible (although it cannot be 
for valve work at temperatures over 800 deg. C.), then 
the tungsten steel may be considered to have a very 
considerable excellence in this respect. The chromium 
steels are more or less as good, but the nickel chromium 
steels probably suffer some change of properties, 10 
particular the notched bar value falls away. The — 
steels retain their physical properties quite well provide: 
that the rule enunciated above is closely observed. 

8. The steel which is employed should not harden when 
cooled in air from its running temperature. This strictly 
limits the application of the various steels. Tungsten 
steel hardens a little, but not very much when coolec 
from a temperature of 850 deg. C. (see Fig. 11). If the 
steel is heated to 900 deg. C., then it hardens distinctly, 
but by no means as much as it would if heated to the 
higher temperatures. On the other hand, the chromium 
steel is completely hardened by coo in air from & 





temperature approaching 900 deg. It actually 
. 
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hardens appreciably when cooled from a temperature of 
about 840 deg. C., the critical temperature being about 
820 deg. C. The nickel steels probably do not harden 
at all. On the contrary, they become quite soft when 
heated to any temperature appreciably higher than their 
tempering temperature (e.g., to 700 deg. or 720 deg. C.). 
The nickel chromium steels in some cases are distinctly 
air hardening, and the temperature above which they 
will harden in air is not very high. If a nickel chromium 
steel is heated to a temperature of 750 deg. C. and cooled 
in air it will be distinctly hardened. All the nickel 
chromium steels are not air hardening, but when they 
are then:the conditions stated above hold good. 

9. Freedom from distortion generally can be obtained 
more easily in those steels which are air hardened than 
in those which are oil hardened. There is relatively 
little to choose, however, amongst the different steels 
with respect to this particular property. 

10. Wear in the stem is a trouble which hardly ever 
arises with the tungsten steels, since even after being 
softened at 800 deg. C. they have a hardness corre- 
sponding to a tensile strength of approximately 55 tons 
per square inch. On the other hand, the chromium 
steels (“‘b”’ above) have often given rise to a consider- 
able amount of trouble, since when suitably heat-treated 
they have a tensile strength in the region of 40 tons 
per square inch, and are liable to wear considerably. 
The nickel steels and nickel chromium steels experience 
this trouble in proportion to the strength which they 
possess after the heat-treatment to which they have been 
subjected. In this property the tungsten steels have a 
general advantage. 

1l. As regards the case of hardening on the foot, the 
tungsten steels have been heat-treated in this way more 
than any of the others, but it is doubtful whether they 
are the most suited to this treatment. In order to 
harden these steels really effectively, they have to be 
heated to a fairly high temperature, and consequently 
the details of manipulation are not so simple as with the 
steels which can be treated at lower temperatures. 
The chromium steels are by far the most satisfactory 
for this treatment, assuming always that the air harden- 
ing nickel chromium steels are not going to be used in 
consequence of the possibility of their hardening in the 
engine during running. The foot of the valves in the 
high chromium steels can be hardened effectively by 
heating to a temperature of about 860 deg. C. (which 
is lower than should be employed for the tungsten steels) 
followed by cooling in air. The nickel steels cannot 
be satisfactorily treated in this way, as they require to 
be quenched in a liquid, and this is invariably awkward. 

12. Ease of machining is, of course, a particularly 
important factor in choosing a valve steel. In this 
respect it is probable that the high chromium, low 
carbon steel (“‘b’’ above) is by far the most simple to 
treat, whilst the straight nickel steels come next. 
Tungsten steels should not give trouble provided that 
they are properly heat-treated, and the same remark 
applies to the high chromium, high carbon steels. In 
the latter steel, however, unless the carbon is kept below 
0-7 per cent., there is a likelihood that a considerable 
amount of trouble may ensue. The nickel chromium 
steels can only be machined satisfactorily if they have 
been correctly heat-treated, and they are quite liable 
to be difficult to machine unless the tempering tempera- 
ture employed has been fairly high. 

In Table XV is given a synopsis of the above dis- 
cussion of properties for easy reference. The steel 
possessing the desired property in the greatest degree is 
marked 1, and the worst steel 5, &c. 


TABLE XV.—General Properties of Various Valve Steels. 
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Freedom from distortion Se 1 1 2 2 
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Hardening in the foot 2 1 1 3 3 
Ease of machining 3 1 5 2 4 




















Selection of the Most Suitable Steels.—Summarising the 
results which have been set out above in full it should be 
possible to indicate to the inquiring engine designer what 
steel should be employed by him for the valves in his 
engine—whatever may be the conditions under which 
the valves have to work. As stated above, it is quite 
unnecessary to consider anything like such an extensive 
list of steels as was used in the various mechanical tests, 
and the following appears to the author to be the most 
reasonable selection of steels from that list :— 

(1) A tungsten steel. 

(2) A high chromium steel. 

(3) A nickel steel. 


The list contains no nickel chromium steel, and this 
omission is considered to be just for several reasons. 
Firstly, the nickel chromium steels have no superiority 
‘n mechanical properties at high temperatures over the 
plain nickel steels. Secondly, the nickel chromium steels 
are more difficult to manufacture free from flaws, and 
also they are more difficult to forge in a perfectly sound 
condition than the plain nickel steels. Thirdly, many of 





the nickel chromium steels are air hardening and tend to 
harden up in the engine during running, producing the 
possibility of cracks and fracture. For these reasons it 
seems quite unnecessary to use a nickel chromium steel 
when a plain nickel steel will do all that is required just 
as well or better. 

The nickel steel is put into the list because of its 
numerous advantages and b it is desirable in many 
cases to use a good quality steel which can be obtained 
fairly cheaply. The price of nickel steel is about a 
quarter of that of the chromium steel and about an 
eighth of that of the tungsten steel. As it has only a 
relatively low strength at high temperatures, nickel steel 
should be employed only for those valves which are not 
raised to a very high temperature during the running of 
the engine. The upper limit of temperature to which 
it should be exposed is given by the tempering tempera- 
ture used in the heat-treatment of the steel. This is 
never likely to be more than 650 deg. C., and the working 
temperature therefore should be kept below this. Making 
the most careful selection from the different steels which 
have been tested, the following composition would appear 
to be the one most likely to give satisfaction, when all 
the factors in the case are taken into account :— 





Per cent. 
Carbon 0-30 to 0-35 
Nickel 2-75 to 3-75 
Manganese 0-40 to 0-70 


Such a steel can be conveniently heat-treated by 
quenching in oil from a temperature of about 830 deg. C. 
and tempering at a temperature of about 625 deg. C. 
The mechanical properties which it will possess after this 
treatment are approximately as follows :— 


Ultimate strength ... . 48 tons per sq. in. 


Elongation ... ove . 20 per cent. 
Reduction of area ... 45 -~ 
Izod impact ... ese --» 45 ft.-lb 
Brinell hardness number ... 220 


Such a steel can be used conveniently for all inlet 
valves and can be employed for the exhaust valves of 
the coolest engines—e.g., most rotary aero or most tour- 
ing automobile engines. 

The high chromium steel is justifiably included in the 
list—though it may be any of several steels of consider- 
able variety of composition. The general advantages to 
be urged for this steel are (1) that it is very resistant to 
scaling, this property being more or less common to all 
the chromium steels containing more than about 6 per 
cent. of chromium ; (2) that it can be heat-treated very 
easily in virtue of its air hardening properties; (3) that 
if the low carbon material be employed then the mech- 
anical properties of the steel at ordinary temperatures 
are such that the steel is quite easily machined. 

Among the disadvantages of the steel are: (1) that 
it is not at all easy to manufacture free from cracks ; 
(2) that it is not easy to forge; (3) that the low carbon 
variety (which is easy to machine at ordinary tempera- 
tures) is not very strong at high temperatures, whilst if 
the greater strength at high temperatures be obtained 
by raising the carbon content then the steel is rather too 
hard at ordinary temperatures to be machined really 
easily. A compromise on these two points appears to 
be desirable. 

The most suitable composition to use for the chromium 
valves appears to be approximately : 


Carbon ... 0-65 per cent. 
Silicon ... 0-60 7 
Manganese 0-50 ae 
Chromium . 10-0 


This steel should be heat-treated by being hardened in 
air from a temperature of about 900 deg. C., and tem- 
pered at a temperature of approximately 750 deg. C. 
It will then give roughly the following mechanical pro- 
perties when cold :— 


Ultimate strength ... . 58 tons per sq. in. 
Elongation ... eee .-- 16°0 per cent. 
Reduction of area ... .-- 40-0 i. 

Izod impact... ose ..» 20 ft.-Tb. 

Brinell hardness number ... 269 


This steel is too good for inlet valves and, generally 
speaking, is unnecessarily expensive for the exhaust 
valves of the cooler rotary engines. It may be used 
advantageously in the exhaust valves of the hotter rotary 
aero engines or in the exhaust valves of the cooler running 
stationary aero engines, or in the majority of touring or 
commercial cars. 

The great value of the tungsten steel is that it retains, 
at high temperatures, a greater proportion of its strength 
at low temperatures than does any other steel. It is 
quite the strongest steel at high temperatures, and at the 
same time has such properties at ordinary temperatures 
as make it quite easily treated in the machine shop. As 
it is an expensive steel, it should be used only in the 
hotter engines (i.e., water-cooled stationary aero or 
racing car engines) as exhaust valves, and as it is used 
in virtue of its superior strength at high temperatures 
it is preferable to employ steel of such a composition as 
will give the greatest strength under these conditions. 
This means that the tungsten and the carbon should 
both be kept up to as high a figure as is convenient. A 
typical composition for the steel is— 


Carbon ... 0-65 per cent. 
Tungsten . 16-00 ial 
Chromium 3-75 ~ 


This steel should be heat-treated by being refined at a 
temperature of 950 deg. C., followed by cooling in air, 
and tempered (or softened) at a temperature of 800 
deg. C. When the steel has been treated in this way it 
will possess approximately the following physical pro- 
perties :— 











Ultimate strength ... . 54 tons per sq. in, 


Elongation . oes - 18 per cent, 
Reduction of area ... on be 
Brinell hardness number ... 248 _,, 


Allocation of the Different Steels.—Taking the above 
list of steels, the following allocation may be suggested : 


All inlet valves 


per cent. 
nickel steel. 
Exhaust valves with a working 
temperature not higher than 
600 deg. C. ... ove oes do. 
Exhaust valves with a working high chromium 
temperature between 600 steel. 


deg. C. and 760 deg. C. 
Exhaust valves with a working 
temperature greater than 
760 deg. C. ... tungsten steel. 
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APPENDIX. 

A CLose EXAMINATION OF EXPERIMENTAL RESULTS. 

A large number of the tests which have been carried 
out upon the various valve steels are worthy of a close 
examination. They show certain points very clearly, 
and although it is probably not desirable to examine 
them too fully in the course of the paper, yet it seems 
desirable that the most complete use be made of these 
results, and the various points which have emerged as 
a result of the experiments be made quite clear. It is 
desirable to consider each of the classes of steel separately. 

Tungsten Steels.—The tungsten steels can be con- 
sidered first. The information to be gleaned from these 
steels is contained chiefly in Tables Il to VI. The 
greatest part of the information can be obtained by 
considering the results given by steels T1 to T6, as these 
constitute a definite series. The results on steels T7 


j}and T8 give a plain straightforward indication of the 


general effect of high carbon plus high tungsten as 
opposed to low carbon with low tungsten. 

In the series of steels Tl to T6, the steels T1 to T3 
contain a high percentage of carbon, whilst T4 to T6 
contain a low percentage of carbon. In each of the 
triads is a steel containing a high percentage of tungsten, 
and a steel containing a low percentage of tungsten, 
whilst the remaining two (Tl and T6) contain a high 
percentage of carbon and tungsten, and a low per- 
centage of carbon and tungsten respectively, but contain 
in addition approximately 1 per cent. of vanadium. 
The object of She tests carried out on this series was to 
discover the comparative importance of carbon and 
of tungsten in regard to the properties of the steels at 
high temperatures, and also to ascertain whether or 
not vanadium has any influence upon the properties 
of the steel. It was also considered desirable to deter- 
mine whether or not the variations in composition had 
any effect upon the properties of the steels ateordinary 
temperatures. 

ith respect to the last-mentioned results, it can be 
seen by reference to Table III that the steels containing 
a high percentage of carbon give distinctly higher ulti- 
mate strengths at ordinary temperatures than those 
which contain the lower percentage of carbon. Speak- 
ing generally, the higher carbon steels give an ultimate 
strength of about 50 tons per square inch, whilst the 
lower carbon steels give an ultimate strength of 46 tons 
per square inch in the cold. 

As regards the influence of vanadium, so far as can 
be seen this is practically negligible. Allowing for the 
variations inseparable from such difficult experiments 
as the determination of the tensile strength of a steel 
at high ee it will be found by comparing 
steels Tl and T2 together or T4 and T6 together, that 
there is very little difference in strength to be noted. 
There is some suggestion that the notched bar values 
of the steels at high temperatures are different. The 
two steels T2 and T4, which contain no vanadium, give 
somewhat better notched bar results than steels T1 and 
T6 which do contain vanadium. The general con- 
clusion, however, to be drawn from the experiments is 
that it does not matter whether the steels contain 
vanadium or not. 

With respect to the influence of carbon upon the 
steels, comparison must be made in one case between 
steels T2 and T5 and in the other case between steels 
T3 and T4. It will be found in both these cases that 
the steel containing the higher percentage of carbon 
possesses the higher strength at higher temperatures, 
and conversely a lower notched bar value. 

The influence of varying proportions of tungsten can 
be shown by comparing steels T2 and T3 in one case, 
and steels T5 and T4 in the other case. In the case of 
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steels T2 and T3 it is se clearly "+ aad suenening 
a higher e of tungsten is distinctly stronger 
chant onal’ counsits a lower percentage of tungsten. 
The same result is shown by steels T5 and T4 at a 
tem ture of 700 deg. C., but at 900 deg. C. the reverse 
seed ip obtained. As the latter result is so much out 
of keeping with all the other results which have been 
obtained, it seems reasonable to regard it as anomalous. 

Chromium Steels—The chromium steels which have 
been examined can be divided conveniently into three 
sets. These sets contain respectively steels Cl to C3, 
steels C4 to C8 and steels C9 to C14. Steels Cl to C3 
are merely representative steels showing the general 
effects of high and low carbon on steels containing high 
percentages of chromium, and also the effect of the addi- 
tion of cobalt. Steels C4 to C8 constitute a separate 
series in which the varying element is the carbon content. 
This series of steels was examined exclusively to show 
the effect upon the mechanical pro ies of the various 
steels at high temperatures of considerable variations in 
the carbon content. Steel C8 is a typical specimen of 
“ stainless’’ steel (in accordance with Air Board Speci- 
fication 8. 19), whilst the other four steels vary only in 
the carbon content, and demonstrate clearly the effect 
of the presence of a high percentage of carbon. Steels 
C9 to C14 were pre to investigate four things. The 
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first point was to compare the effect of a relatively low 
percentage of chromium (about 6-5 per cent.) upon the 
mechanical properties, as opposed to the 13 per cent. 
found in steels C4 to C8; the second was to determine 
the effect of relatively high and relatively low percent- 
ages of carbon upon steels containing this percentage of 
chromium; the third was to determine the effect of 
relatively high pesnensngee of silicon upon steels con- 
taining both high and low percentages of carbon, and the 
fourth was to invostigate the effect of the addition of 
about 3 per cent. of nickel to steels containing both 
high and low percentages of carbon with the same per- 
centage pf chromium. 

To investigate the first point aimed at in steels C9 
to Cl4, namely, the general effect of the presence of 
about 6-5 per cent. of chromium, steel C12 can be 
compared with steel C5, whilst steel C9 can be com- 
pared in a general way with steel C8, although the 
difference in the carbon content of the two steels makes 
anything like a close somparison impossible. To notice 
the effect of high and low percentages of carbon upon 
chromium steels of this type, steels C12 and C9 must 
be compared. The effect of allees can be seen by com- 
paring steels C9 and C10 for the low carbon steels and 
steels C12 and C13 for the high carbon steels. The 
effect of nickel can be observed by comparing steels C9 
and Cll and steels C12 and C14 respectively. 

The general comparison between steels containing 6-5 
per cent. of chromium and steels containing 13 per cent. 
of chromium goes to show that at a temperature of 
700 deg. C. the steels containing about 6-5 per cent. of 
chromium are stronger than those containing the higher 
percentage of chromium, but that at 900 deg. C. both 
classes of steel have approximately the same tensile 
strength. 

With respect to the effect of relatively low and rela- 
tively high percentages of carbon upon steels containing 
about 6-5 per cent. of chromium, a comparison of steels 
C9 and C12 in Table [X shows that the steel containing 
the high percentage of carbon has a distinctly greater 
tensile stren at high temperatures. The tests to 

ect of silicon were entirely inconclusive. 
The tests to show the effect of nickel suggest that the 
presence of 3 per cent. of nickel has no appreciable effect 
upon the tensile strength of the steels at high tempera- 
tures. 

Referring to the series C4 to C8, it can be seen very 
clearly that up to a temperature of about 900 deg. C. 





the steels containing the higher percentage of carbon 
have a distinctly greater tensile strength than steel con- 
taining a low percentage of carbon. When a tempera- 
ture of 1,000 deg. C. is reached, however, there appears 


Tasie XVI.—Steel C9. Carbon 0-54. Chromium 6-3. 
Ni 0-4 





Tempered 
at Deg. C. 
and 
Cooled in 
Water. 





tons per 
7 
590-5 
46-8 


per cent. 
54-6 
62-8 
28-0 65-0 
Failed in thread. 




















Tasite XVII.—<Steel C10. Carbon 0°55. Chromium 7°-1. 
Nickel 0-50. 





Tempered| 
at Deg. CO. 
and 
Cooled in 
Water. 








22-0 63-2 
Failed in thread. 

















Taste XVIII.—Steel Cll. Carbon 0-56. Chromium 6-6. 
Nickel 3-08. 





Tempered 
at Deg. C. 
and 
Cooled in 
Water. 





600 


650 
700 
750 
800 


17-2 
15-7 

















Taste XIX.—Steel C12. Carbon 1-09. Chromium 6-3. 
Nickel 0-42. 





Tempered 
at Deg. C. 
and 
Cooled in 
Water. 


Elonga- 
tion. 





per cent. 


28-5 
40-0 


56-6 64-4 16-7 24-5 
No result in consequence of failure at the 
thread. 


per cent. 


11-4 
15-7 

















TaBLe XX.—Steel C13. Carbon 1-08. Chromium 6-7. 
Nickel 0-51. 





Tempered 
at Deg. CO. 
and 
Cooled in 
Water. 


Hardened 
in Oil 
from 

Deg. C. 


Ultimate 
Strength. 


Reduction 
of Area. 





tons 
8q. in. 

86- 
69- . 10-0 
5 


r | tons per 
per cent. 
7-1 
63 17-2 
9- 19-0 41-0 
Failed at thread. 











Taste XXI.—Steel C14. Carbon 1-11. 
Nickel 2-96. 


Chromium 5-8. 





Tempered 
at Deg. C. 
and 
Cooled in 

Water. 


Ultimate 
Strength. 


Reduction 


Elonga- 
tion. of Area. 





tons al 
8q. in. 
2-4 
63-8 


93-0 


per 


it. | per cent. 
7 22-5 
14 

2 


56-5 


820 
820 
820 
820 


820 


600 
650 
‘00 
50 
800 


n 
2 
3 

1 








= 97-7 == 
No result in consequence of failure at 
thread. 














to be practically no difference in the strengths of the 
steels. The notched bar tests at high temperatures 
given in Table X are very instructive, and show that the 
presence of a considerable percentage of carbon materi- 





ally reduces the notched bar value of the steel at high 
temperatures. At the lower tem tures, the low 
carbon steel = _ ee —eerny bar value eye four times 
as great as that of the steels containing high percentages 
of carbon, whilst at the highest temp -~ examined, 
t.e., about 1,000 deg. C., the low carbon steel has a 
notched bar value of about twice as much as that of the 
high carbon steel. Careful examination of the results 
given in Table X and also in Fig. 9, page 802 ante. 
reveals the fact that as the percentage of carbon in the 
steel is increased from 0-96 to 1-42 the notched bar 
value at high temperature falls away very considerably. 
The curves showing the different notched bar values at 
various high temperatures are almost parallel for steels 
C4 to C7, the steel with the lowest percentage of 
carbon giving the highest results. 

The effect of these different compositions upon the 
properties of the steels at ordinary temperatures is shown 
in Table VIII. It is seen in a general way that the steels 
containing the higher percentages of carbon are distinctly 
stronger after similar heat-treatment than those contain- 
ing a low percentage of carbon. It is very instructive 
to note, however, that the steels containing about 
6-5 per cent. of chromium are decidedly stronger after 
normal heat-treatment than are the steels containing a 
high percentage of chromium. A considerable number 
of tests were made upon steels C9 to C14 to show the 
effect of different heat-treatments upon them, and these 
are set out in Tables XVI to XXI, and are given also 
in Fig. 13. These results show the effect of different 
tempering temperatures upon the properties of the steels. 
An examination of these test results brings out clearly 
several interesting points. 

The first point to emerge is the effect of nickel upon 
the properties of the steel after different tempering 
treatments. It is found that the addition of 3 per cent. 
of nickel lowers considerably the temperature at which 
the steel begins to harden. Both steels containing 
nickel, namely, steels Cll and C14, begin to harden 
in air at a temperature of 700 deg. C., though none of 
the others harden in air until the quenching temperature 
has been raised to more than 750 deg. C. The variation 
in carbon content between steels Cll and Cl4 makes 
no difference to the effect of the nickel. It is quite well 
known that the addition of chromium to steel raises the 
temperature at which the steel hardens in air, and these 
results show that the addition of nickel has a very 
— influence in the direction of neutralising this 

ect. 

The second point to be noticed is that the raising of 
the carbon content in the steels has the effect of pro- 
ducing in the steel a higher ultimate strength whatever 
tempering treatment has been given to it. In Fig. 13 
it can be seen that the curves for steels C9, C10 and 
C13 are almost parallel throughout their length. It is 
also seen that the hardening temperature of these steels, 
as stated above, is between 750 deg. C. and 800 deg. C., 
that is about 50 deg. C. lower than the temperature at 
which the stainless steel hardens in air. This is not sur- 
prising when it is realised that stainless steel contains 
almost exactly twice as much chromium as the steels 
under examination. 








ON FUTURE DEVELOPMENTS IN PUDDLED 
IRON MANUFACTURE.* 
By J. E. Fuetoner, M.I.Mech.E. 
(Concluded from page 806.) 

The Use of Liquid Metal Charging.—It has been already 
shown that radiation losses and melting, superheating 
and refining, account for an irreducible quantity of 
coal per ton of puddled iron (about 9 cwts. to 11 cwts.) 
in furnaces producing normal yields of 2-5 cwts. per 
hour. If, however, it becomes possible to increase the 
hourly output of the hearth the radiation losses are 
reduced. Theoretically, if a normal puddling furnace 
could be made to yield 5 cwts. per hour the radiation 
losses would be halved and a saving of, say, 3 cwts. 
of coal per hour effected. 

In the days of refinery or ‘‘ plate metal,” low in carbon 
and silicon, the puddler had less work to do because at 
least one-third less refining was required. The refined 
metal required a higher melting temperature during the 
first stage, but by the time the melt was complete 
considerable refining had been effected, the “ boil” 
and “‘coming-to-nature” stages following quickly. 
Short heats were the rule, and the output per hour was 
often in the neighbourhood of 4 cwts., the coal consumed 
running as low as 18 cwts. per ton of puddled bar. The 
cost of making the primary “ refinery ” iron was probably 
more than the accompanying saving in puddling and, 
except for special ‘‘ quality * iron, the use of refinery 
iron has had to go. 

At the Chillington Works in this district many years 
ago, liquid iron from the blast furnaces and in Cumber- 
land liquid iron from the cupola, was run directly into 
the puddling furnaces and then puddled, with good 
results. But, probably owing to the lack of efficient 
transfer and ladle transport and to the absence of proper 
weather protection, the practical possibilities of the 
method were discounted and liquid charging was dis- 
pensed with. é 

It will be useful to examine oe method ~ aged as . 
would appear to possess ibilities in the way © 
cotuiien” ading lebou and of saving fuel. The 
process of puddling covers three stages :— : 

lst. The melting stage, occupying 30 min. to 40 min., 

on the class of pig-iron used and the efficiency 
of the fuel. , E 
2nd. The boiling stage, occupying, say, 30 mins. 





* Paper read before the Staffordshire Iron and Steel 
Institute, Dudley, on November 22, 1919. 
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3rd. The drawing and balling, followed by fettling 
and chargi g peri occupying abovt 40 mins. 

It has been estimated from repeated observation on 
furnaces using about 30 cwts. of coal per ton of puddled 
product that the coal burnt during the three respective 
stages is at the rate of, say, 46 cwts., 37 cwts. and 14 cwts, 
per ton of iron made, or when 35 cwts. of r coal per 
ton of puddled bar is burnt, the corresponding rates are 
53 cwts., 43 cwts. and 16 cwts. 

The melting period, therefore, is seen to demand 
under present conditions 45 cwts. to 52 cwts. of coal per 
ton of metal melted, and is the most wasteful stage of 
the puddling process. Considerable oxidation of the 
aa occurs, and generally the air used per pound of 
coal_is from 2-5 to 3-0 times the theoretical amount 


.7. SINGLE PUDDLING FURNACE. 


Coal used per Hour, (Lbs) 





Co. 
(s26.8) Output 2-5 


100 





A 





Process 
fere6.c) Comparative Cost per Ton. 


necessary. The velocity of the hot gases passing through 
the furnace during this stage is not less than 4 ft. per 
sec. This high velocity at the tem ture employed 
for quick melting is obviously related to the high radia- 
tion losses which occur during this stage of the operation. 
In Fig. 7 the heat expended in the three stages of a 
normal puddling operation or shift are depicted. 

At first sight it would appear that the use of the cupola 
using say 3 cwts. of coke per ton of iron melted and 
supplied to the puddling furnaces (allowing for melting 
losses) would result in considerable economy, providing 
the output of the puddling furnaces was correspondingly 
increased. It must be realised, however, that cupola 
melting yields a higher carbon metal ani very little 
reduction of the remaini metalloids, consequentl 
the boiling period in the puddling furnace is len, . 
In the melting of pig-iron in the puddlisg fyrnace the 





strongly oxidising flame action during melting results 


in considerable refining, a sample drawn at the end of | The same number of puddlers would be required in each 
the melt being prmenen & white iron or at least mottled | case. In Table I the comparative cost of each of the 
in characte 


r. three methods is given. Fig. 8 is a plotted graph of the 
The cost of the cupola melting process and that of | same estimates. 

transit from the cupola to the puddling furnaces must The Use of the Gas-fired “‘ Roughing” or Semi-Refining 
be placed against the economy resulting from an increased | Furnace.—In place of the cupola a -fired melti 


output of, say, a heat eight-hour shift. Again, | and semi- ing furnace can be used, preferably of rs 
the amount of steam raised from the waste would | tilting ype and, as the coal consumption of such a 
be, approximately, 25 per cent. less than before, and | furnace should not exceed 3-5 cwts. per ton of semi- 


where the whole of the steam is utilised in the works | refined iron, the overall working costs of the complete 

this would entail extra standby boiler power to balance | gas “ roughing ” furnace with, say, six puddling furnaces 

the steam loss. should not be greater than the plant provided with 
The author has computed that with the present capital | cupolas for using semi-steel mixtures. 

costs there can be no saving (net) by using cupola here are certain practical difficulties cormected with 

metal as described. The use of metal from the cupola, | the production of liquid refined metal which must be 








L4 Fig.9. s a s 7 z 
















































































however, yields a‘distinct economy when a “semi- | overcome before the use of'the open-hearth furnace can 
steel” (so-called) mixture a of steel scrap | be safely attempted. It has been already shown that 
and pig-iron, is used, providing special means are | the use of cupola melted metal unless ially refined, 
for obviating the excessive iron loss and for preventing | leads to no considerable economy though i a 
the rapid erosion of the cupola lining which otherwise | certain of the puddler’s heavy work from him (the 
would militate against the use of a continuously running | stoking being lighter and charging labour reduced). 
plant of this 3 Tantz I 
The author has had considerable experience in the y Ma 
manufacture of the metal known as semi-steel and in the 
—. « the cupola “= anor ey egth-toon work, and has — A. B. Cc. 
lai own a@ special met of procedure based on i 
manipulation of the slags, witha view to the production eH apne Seeman pos 8-5 | 11-6 | 12-0 
of a low sulphur metal, whilst minimising the iron | Operating costs, shingling, rolling, &c., 
losses and the erosion of the lining in the tyyere zone exclusive of puddlers’ wages and metals, 
of the cupola. A freely liquid semi-refined metal is pig-iron, fettling, &c.  .. = ++| 18-0 | 28-5 | 26-0 
thereby obtained, well suited to final purification in the | ©0al costs: Coke at 1-5 times cost of coal, 
puddling furnace. : coke at 30s. pote = Sa per ton 0 59-0 37-0 
Such a metal when c into a hot puddling furnace Total qoumpasalive costs per tenet puddled 4 rag Pep 
should ‘“come-to-nature” quickly and be ready for product .. ie re vt 1100-0 |111-5 | 80-0 
balling up in 15 min. or so after chargi & The fettling 
oxide requirements would be seduoed and, by providing ee 10 puddling furnace plant with waste 
suitable relays of puddlers to follow up this quicker - 
refining, the output of the furnace should be double eh ey ee Aarne CoScunn Gant aD 
that of the present method, a 5 cwt. heat being worked Process C.—Liquid-charged six-furnace plant cupola using 
every hour. The fuel needs of the furnaée then would | semi-steel mixture with waste-heat boilers. 
be reduced to those required for keeping the metal and | _ B and C have provision for raising balance of steam required 
furnace hot, for the reduced amount of refining, and for | 4ue to shortage at waste-heat boilers. 
balancing the radiation losses. Of course the steam Direct metal from the blast furnace by way of a de- 
raised by the wee oe would be still less than in the | siliconising mixer would possibly help matters, but the 
case of cupola melted pig-iron and would have to be met | need for varying qualities of iron, and the practical 
by extra firing boilers. It can be shown, however, | difficulties in the use of small mixers would a 
that a well-designed plant on these lines, using efficient | reduce the chance of success. The fact that few iron- 
modern firing boilers must result in considerable | making plants are suitably placed in relation to blast 
economy. furnaces and that small mixers are expensive in ——. 
In the usual cold pig-charged plents 10 yrttine and not generally as efficient as large ones tates 
furnaces can yield, say, 150 tons of puddled iron per | against the success of a direct metal scheme unless 
week, With the — method using liquid pig-iron | carried out on bold lines invol a re 
puddled per 




















ight furnaces should yield the same output, whereas | plant, making at least 1,000 tons o 
with the “‘semi-steel-mixture” cu process six | week. : 
puddling furnaces should produce same amount. It would seem, from estimates made based on the cost 
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of mixer plants in connection with small open-hearth 
steel furnaces, that the cost of upkeep and manipulation 
of a small mixer-worked plant per ton of puddied iron 
product (with hand meat puddling furnaces) must 
exceed that of a cupola scheme supplying semi-refined 
ir n to the puddling furnaces, the first cost of installa- 
tion of which is undoubtedly the cheapest. Moreover, 
the cupola or open-hearth “roughing” plant is 
adaptable to existing small iron works. 

In 1915 the author, in conjunction with Mr. J. Harrison 
who had very considerable experience in the puddling 
of molten cupola iron in the West Cumberland district, 
proposed a method of manufacturing puddled iron 
wherein direct metal from a cupola or blast furnace is 
poured into the basic lined hearth of an open hearth 
intermediate or ‘‘ roughing ’”’ furnace. In this furnace, 
by a special slag manipulation, utilising manganese as 
a means of retaining carbon in the metal whilst elimina- 
ting silicon and phosphorus, a semi-refined product, 
liquid enough to be run from the furnace to ladles and 
thence to puddling furnaces, preferably of the gas-fired 
auschanbdel ter , is secured. 

Mr. B. Talbot has also proposed to use a similar 
arrangement, utilising a fore-hearth in connection with 
the refining furnace whereon the cold pig-iron charged 
can be pre-heated and pushed down in the heated state 
into the bath of the furnace. 

In the carrying out of a combined Bessemer and open- 
hearth process for making malleable cast-iron some 
years ago, the author found that, unless the open-hearth 
metal tapped contained over 2:5 per cent. of carbon, 
the metal would not remain ve fluid in the 
ladles to enable pouring after a short lapse of time, 
when a semi-plastic state of the metal arrived. 

This trouble was overcome by manipulating the slag 
composition, manganese being added at a definite stage 
of the process and the carbon elimination thus delayed, 
whilst that of silicon and phosphorus was hastened. A 
liquid slag resulted and the metal poured was mobile 
and well de-oxidised. This method was adopted in the 
proposed method of the author, and J. Harrison, as illus- 
trated diagra 1 matically in Figs. 9 to 11.* 

The Use of Pulverised Fuel.—Crampton, in the furnace 
illustrated by Dr. Desch in his paper, used powdered 
coal with, it is said, considerable success and doubtless, 
with the improved character of the pulverised coal now 
obtainable, further improvements would result. 

Mr. L. C. Harvey, of the Fuller Engineering Company, 
has shown, in the paper read before the Iron and Steel 
Institute in May, 1919, that the use of pulverised coal 
is far beyond the experimental stage in the U.S.A., and 
trials in this country appear to confirm the American 
results. 

It is stated that some 30 per cent. economy in the 
weight of coal used has been obtained. It is not quite 
clear, however, that this makes allowance for the loss 
of steam which must result when the fuel is burnt more 
economically in the actual puddling process. With 
the use of, say, 50 per cent. excess air per lb. of coal 
burnt instead of the more usual 250 per cent. to 300 per 
cent. (the CO. content in the waste gases being in 
the neighbourhood of 5 per cent. to 7 per cent.) the 
volume of hot gases passing to the boilers when pul- 
verised coal is economically burnt cannot be more than 
half that of the gases leaving the ordinary puddling 
furnace. 

It is quite conceivable that the quicker and more 
effective combustion during the melting period will 
result in a speeding-up of that stage and a possible 
increase in the output per furnace hour. With the hotter 
flame temperature duri g melting the correspondingly 
hotter waste gases want raise more steam, but after 
making due allowance for this, it does not seem likely 
that when 30 per cent. less coal is used in actual puddling 


the steam shortage can be continuously less than 15 per 


cent. to 20 per cent. 

Many of the American plants use the “double” 
puddling furnace, which, with its simpler boiler connec- 
tion pon. | smaller radiation surfaces, distinctly favours 
the use of pulverised fuel. With the small single furnace 

lant it is certain that the steam balance would have to 
2 corrected by providing extra boiler plant indepen- 
dently fired. When this has been provided for, and 
the cost of drying and pulverising the coal and convey- 
ing same to each furnace, the pro 1 to substitute 
pulverised coal for ordinary coal in a puddling forge using 
cold pig-iron charges, and where the steam raised by the 
waste gases provides energy for driving the forge train 
and shingling hammers, and, in addition to that, drives 
possibly a bar-mill, does not figure out so hopefully as 
appears at first sight. 
hat pulveri coal is likely to be of very great use 
in puddling forges is undoubted, but it appears to the 
author that if it is to be used successfully the role it 
should play is in connection with a complete plant of the 
duplex type. The open-hearth melting and semi-refining 
furnace should be so heated and the hand-fired or 
preferably mechanically cperated, puddling furnaces 
similarly heated. 

In either case the work of the puddler must be very 

tly reduced, and, as the waste heat from the open- 
Goeth melting and the puddling furnaces could be used 
for steam raising in a much more efficient manner than 
at present a puddling process should be available capable 
of producing puddled bars on a raw coal consumption 
not exceeding half the present figures. Such a plant 
has been devised by the author, utilising the principle 
of the duplex Pa already described. The arrange. 
ment consists of an open-hearth tilting or fixed furnace 
(basic lined), the waste heat from which is used in 
attached efficient boilers fitted with auxiliary fuel supply 





* Figs. 10 and 11] are diagrammatic only. The actual 
furnace would be of concentric rolling or reciprocating 
type. 





ceecene oor increasing the steam requirements during 
the charging and tapping stages. 

From the open-hearth melting, partial refining or 
“roughing ” furnace the metal is ladled to mechanical 
puddling furnaces, also pulverised-coal-fired and to 
which waste-heat boilers are attached. Each of the 
units composing the proposed plant are at work. The 
open-hearth furnace is regularly melting iron on a 
pulverised coal consumption of 4 cwts. to 5 cwts. per 
ton of iron melted. Puddling furnaces similarly fired 
are operating on a consumption of 1,400 Ibs. to 1,600 lbs. 
= ton of puddled bar, when dealing with cold pig-iron. 

Jhen puddling molten charged material the coal burnt 
should not exceed 800 Ibs. to 1,000 Ibs. per ton of product, 
six furnaces doing the work of the present ten. 

The question of employing gas-fired furnaces with 
efficient recuperators, whereby the waste heat is made 
to raise the temperature of the incoming air for com- 
bustion to the maximum, whilst lowering the tempera- 
ture of the expelled gases to the minimum, has been 
alluded to in the Chantraine system and is well worthy 
of consideration in connection with the duplex process. 

Here the temperatures in the melting and puddling 
furnaces are not too high for such a recuperative system. 
It may easily be found that a puddling plant so equipped 
and provided with an efficient independent battery 
of boilers would be economical in fuel. Whether furnaces 
fired by pulverised fuel can be attached to recuperators 
satisfactorily has yet to be proved. There are possible 
practical difficulties in the way of ash troubles in the 
recuperators, but these obstacles may be overcome by the 

rovision of suitable dust catching chambers, as Mr. 
E. C. Harvey has shown. 

If the roll trains and shingling machines or squeezers 
be operated by electrical power, and they can be, it is 
conceivable, that, given cheap electrical energy, such a 
combination of the — system with mechanical 
puddling furnaces and with electrical rolling and shingling 
equipment should furnish the most economical pulling 
plant possible. 

Table No. II has been p to indicate as nearly 
as practicable the distribution of the heat expended 
(expressed in cwts. of coal per ton of puddled product), 
in six types of puddling processes A, 6 and C being as 
already referred to in Tavle I, namely!:— 

A is the case of 10 normal puddling furnaces, coal- 
fired and using cold pig-iron charges. 

B that of an 8 puddling furnace plant, coal-fired, 
with liquid charged metal from a cupola. 

C is a similar plant to B, but with only 6 puddling 
furnaces, and a cupola supplying liquid semi-refined 
metal. 

D is a similar plant to C, but using an open-hearth 
gasfired melting and refining furnace instead of the 


cupola. 

E is the case of a similar plant to A, but using pul- 
verised coal. 

F is the Author’s Duplex process plant, with roughing 
or semi-refining furnace (open-hearth) and four rolling 
type, mechanically operated puddling furnaces. All 
heated by pulverised fuel. 

In all six cases the plants are equipped with waste- 
heat boilers and spare independently fired boilers where 
required. It may be added that, where the plant F is 
equipped with modern steam boilers of high efficiency 
supplying steam to economical engines, driving the 
roll trains and shingling or squeezing tools, the fuel 
expenditure should be further reduced by at least 3 cwts. 
per ton of puddled product. 




















Taste II. 
Cwts. per Ton of Puddled 
Product. 
PD.) Bid. |B.1 
(1) Melting, refining, superheat- 
ing of metel. Useful work..| 4-0) 1-8) 1-1) 1-1) 3+0) — 
(2) Radiation losses at puddling 
furnaces - ve .-| 5-0] 3-7) 2-3) 2-3) 4-0) — 
(3) Radiation losses at boilers ..| 2-0) 1-7} 1-1) 1-1) 1-5) — 
(4) Steam raising -— 
(a) For engines and hammers | 4-8) 4-8) 3-7) 3-7) 3-2) — 
(b) For auxiliary purposes ..| 4-2) 1-0) — | — | — | — 
(5) Chimney losses from puddling 
furnaces ‘a es ..|10-0) 6-0) 3-8) 3-8) 3-0) — 
(6) Melting work in cupolas — | 1-5) 1-8) — | — | — 
Cupola stack losses .. -+| — | 1-0] 1-2 —_—|— 
(7) Melting work in open-hearth 
furnaces - mu ow —|—/|2:3 1°3 
Radiation and chimney losses 
ditto .. 3 oe ..| —}|—}]—] 1-7] —] 2-0 
(8) Steam raising (at spare boilers)} — | 3-2) 5-5] 5-3) 5-7) 6-8 
Chimney losses ‘a ws — | 1-3] 2-2] 2-2) 2-3) 2-2 
Refining, &c., in mechanical 
puddling furnaces. Useful 
work .. o* ef — | —|—l mi] ] 87 
Radiation losses ,, * —}—i—im—l]—] 23 
Steam raising am a —t|—t|— | me] oe] él 
Chimney losses _s,, * —|—|—|i—|—|] 20 
= 
Total equivalent coal per ton | 
of puddled products . -|30 0/26 -0/22 -5/23 -4)22-7|18-8 























Fig. 8 further shows comparative working costs of 
the six processes A, B, C, D, E, and F. 

Puddling furnaces of rolling or reciprocating type 
have been designed for operation with pulverised fuel and 
in case larger balls are worked, there should be little 
difficulty in very considerably reducing the cost of the 
puddled product, from the standpoints of labour, fuel, 
and auxiliary expense. 

It has ;reviously been shown that the high cost of 
puddling is bound up with the small furnace, and the 
conclusion is inevitable that, if puddled iron is to be 
reduced in cost, the furnace must be larger. The present 
size of hearth being the limit for hand-puddling, it is 














only by mechanical puddling that the larger furnace 
can be used. The trouble hitherto experienced with 
mechaniecally-operated furnaces of the Danks and 
Crampton ty was due to the fact that the whole of 
the process of melting, refining and balling was done in 
one furnace. The oxide lining, generally of lime and 
hematite, was rapidly eroded. The use of the preli- 
minary “ roughing ”’ furnace must reduce wear and tear 
in the revolving or rocking puddling and balling furnaces 
in which only about a third of the refining work would 
now have to be done, and the whole process would be 
speeded up. 

Further, with liquid metal practically desiliconised 
and dephosphorised, the ability to obtain a larger ball 
of homogeneous character should not be difficult. More. 
over, the furnace can be made to automatically, or with 
very little assistance, discharge the puddled ball on 
to a suitable receptacle by which it can be conveyed, 
-< epmias to the squeezer, shingling hammer, and 
rolls. 

It is of interest to learn that rotatory mechanically. 
operated furnaces are in use in the anon Valley 
Iron and Steel Company’s works in Lebanon Pa., 
U.S.A., for making scrap balls from turnings and light 
scrap, balls of 5 cwts. to 11 ewts., weight being produced. 
These furnaces are pulverised-coal-fired, using forced 
draught, the waste gases passing through tubular 
boilers for supplying the mill equipment needs, a boiler 
being fixed to each furnace. 

This is an indication that, in the U.S.A., the mechanical 
oe and puddling furnace is being developed and 
should encourage a move here in the very desirable 
direction of saving labour and fuel costs. The Lebanon 
practise of making iron or scrap metal balls in a furnace, 
which has been wrongly called an ‘‘ automatic puddler,”’ 
draws attention to the growing tendency to use the 
miscellaneous and heterogeneous scrap, scavenged from 
any and every quarter in these days. Like the unknown 
cast scrap which deluges our foundries, the reliability 
of the product resulting from the use of such material 
must be low. 

There is little possibility of guaranteeing “ quality- 
iron” from such a source. From the very nature of 
the scrap, the grain boundaries in the "Rnished bar 
cannot be uniformly coherent. Between the boundaries, 
however, well worked films of corrosive oxides are 
inevitable. Wherever scraps of malleable or steel 
castings have become entangled, melting of the higher 
carbon material occurs in the re-heating process and the 
molten streams leave brittle paths, running promis- 
cuously through portions of the rolled bar. 

Microscopic examination of these areas yield evidence 
of the uncertain character of the product. The result 
of using alternating plates of such material sandwiched 
between flats of poorly puddled iron in the piles used for 
the manufacture of merchant iron can be imagined. 

The necessity for careful assortment of scrap so as 
to avoid impure and steely material is obvious. In 
many works this careful assortment is the rigid rule. 

Mr. Stromeyer did good service to the engineer in 
pointing out the danger incidental to the use of high 
oa of unknown quality scrap in Basic open- 

earth steel making in Germany, years ago. The 
disastrous boiler plate failures mentioned by Mr. Stro- 
meyer, were terrible corollaries to the use of tin cans, 
burnt firebars and kettles, and other nondescript scrap 
sometimes included in the scrap charges of continenta' 
steel furnaces. The worst of such practice, whether it 
be in the making of rolled steel plates, iron castings, or of 
wrought iron, is that it introduces an element of un- 
certainty in the minds of engineers and at the same time 
throws doubt on the statement that wrought iron is 
uniformly more fibrous in its nature and less corrodible 
than mild steel. 

In these days when high-speed machinery on every 
hand is demanding the very best of material it is impera- 
tive that such scrap as is undoubtedly necessary in the 
making of strong fibrous welding iron should be of known 
quality. There are those who maintain that the day 
is fast approaching when the only permissible scrap for 
good reliable iron making must be such as had its birth 
in the puddling furnace. 

The correct welding temperature for good puddled 
iron is dangerously near the burning temperature of 
mild steel, hence the character of the structure in the 
weld zone of such puddled iron and mild steel is very 
different to that of the zone where two iron surfaces are 
welded together. The tensile and bend tests often 


| reveal the difference, the impact test still more clearly 


pointing the moral. In an appendix to the paper a 
note on the characteristic difference between the struc- 
tures of wrought (puddled) iron and mild steel is intro- 
duced. An attempt has been made to describe this 
difference in the light of modern research. By the use 
of the Carbon-Iron Equilibrium diagram it has been 
possible to show that the process of semi-refining or 
“‘ roughing ” is a purely liquid stage; totally different 
from the visco.s and semi-plastic agglomerate growth 
which occurs later in the actual puddling and balling 


rocess. 

There is, therefore, a sound scientific reason for con- 
ducting the two dissimilar operations in separate furnaces. 
and for the belief that the mechanical puddling of metal 
at temperatures below the melting point of the border- 
land alloy between cast iron and steel (that containing 
about 2-0 per cent. of carbon) should be practically 
and economically possible. 





® APPENDIX. 
Notre on CHARACTERISTICS OF PUDDLED IRON. 
What is the fundamental difference between truc 
wrought iron and steel? The question is not readily 
answered, but at the outset it may be definitely stated 


that the difference is one of crystalline structural arrange 
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ment within the masses which are withdrawn from the 
puddling or steel-melting furnaces. 

The puddled ball is an agglomeration of plastic iron 
crystals within the interstices of which crystals slag 
of ferrous silicate type occurs. When the ball is with- 
drawn from the puddling furnace the slag is liquid and 
is expelled partially in the liquid state during shinglin 
and some small proportion which remains in the shing] 
bloom is squeezed out during the rolling of the bloom 
into the puddled bar. Perfect ejectment of the silicate 
of iron slag or cinder is impossible by the crude mecha- 
nical means available, and the me sure of the cinder 
expulsion is the temperature of the ball as it reaches the 
sufficiently powerful hammer, squeezer or rolls. If by 
accident or by reason of the long distance of the puddling 
furnaces from the hammer, squeezer or rolls the iron 
ball is oxidised to any serious extent superficially, and 
arrives at the shingling tool too cold, the interstitial 
slag or cinder between the iron crystals of the rolled bar 
contains, to its detriment, colonies of ferric or magnetic 
oxide. Further, if the rolling of such cold shingled 
blooms is too drastic the internal crystalline arrange- 
ment of the metallic mass in the rolled bar is not homo- 
geneous and there is a tearing apart of the iron crystals 
wherever the (iron silicate plus magnetite) slag has 
segregated. 

Especially is this the case when the bar has cooled 
so much that the intermingled slag has solidified before 
the mechanical work of rolling is completed. 

Such a defect in the initially made puddled bar is 
never thoroughly corrected afterwards. When such 
bars are made up later into piles and re-rolled into 
merchant bars, some of the slag may be squeezed out, 
especially that which may be entrapped near to the 
surface, but the greater likelihood is that the cinder 
becomes trapped at intervals within the merchant bar. 

If such slag colonies, resulting from cold worked balls 
or blooms occur just under the skin of the puddled bar 
and such puddled bar become the outer slab of a pile, 
the merchant bar rolled therefrom may be “ spilly.” 
This is the result of a surface torn during the rolling, 
the slag inclusion having burst through the skin of the 
bar. It was impossible for the surfaces on each side of 
the slag pocket to weld because of the primary oxidation 
on such surfaces. 

Though the presence of slag films in wrought iron is one 
of the useful characteristics of the metal, assisting 
welding and promoting a fibrous structure, such is only 
the case when the slag inclusion is practically free from 
magnetic oxide. 

The included slag must be of such constitution as 
retains its fluidity or plasticity throughout the rolling 
temperatures, and the presence of magnetite in the 
slags is against this. When present the slag solidifies 
at a higher temperature than that usually prevalent 
when the bars are leaving the rolls. Hence, during the 
first roll passes a colony of ferric silicate slag may be 
liquid and be driven into a definite position within the 
as yet short bar. During later passes the slag colony 
may freeze and thenceforward as a brittle inclusion 
resist the normal flow of the plastic iron crystals past it. 
The continuity of the approximately uniform crystalline 
structure produced by rolling is thus broken by the 
solidified ferric slag interference and areas are created 
which must be structurally weak. 

In the re-heating of piles at welding heat, preparatory 
to rolling, the outer surface of the bars where exposed t» 
the flames is oxidised and there is an oozing out of the 
cinder wherever there is commu ication between the 
bar surface and internal slag pockets. 

At welding heat the outer oxidation is, according to 
McCance’s experiments, that associated with the forma- 
tion of magnetic oxide and, as this oxide when fluid runs 
over the surface and finds its way into the spaces between 
the piles, there must finally be a definite pocketing of 
such oxide between the plates of the pile. 

Roe of Pottstown, U.S.A., has contended that this 
is the bane of pile-made-iron. It is certain that the 
surfaces between adjacent plates of a pile are often 
pulled apart when the bar rolled therefrom is broken in 
the tensile test showing that there has been no perfect 
welding at these surfaces and throwing light on the fact 
that the transverse strength of piled iron is not equal 
to the longitudinal strength. he necessity for piles 
to be made of continuous bars and not built up of odds 
and ends, if slag pocketing and magnetic oxide inclusions 
are to be wvebded, ts obvious. 

The Character of the Iron Crystals.—The puddling 
process can be divided into three sections: Melting, 
refining or boiling, and balling. The first occupies 
from 30 minutes to 40 minutes, the second 25 minutes 
to 40 minutes, and the third 15 minutes to 20 minutes, 
the drawing of the heat occupying 10 minutes to 15 
minutes. The furnace temperatures in the three stages 
of the process are approximately 1300° to 1350°C, 
1200° to 1270°C, and 1400° to 1450°C respectively. 
The first stage is conducted in a highly oxidising atmo- 
sphere, the second in a reducing one with smoky flame 
and the third in as good a reducing atmosphere as 
| wares ry though this is difficult because the door of the 
urnace is open nearly tle whole of the time. 

In the melting period the fusion of the sand covering 
of the pig-iron and the oxidation of the outer surface 
of the pigs forms a silicate of iron slag which runs down 
into the gradually melting “ fettling ” which forms the 
hearth. The phosphide eutectic portions of the pig-iron 
envelope are rext attacked and, as this most fusible 
constituent melts, it is partly decomposed, the iron 
oxidised and the ; hosphide and carbon eutectics running 
into the hearth. Then followed the general fusion of 
the remainder, at a rate sufficiently slow for a consider- 
able amount of refining—i.e., oxidation of silicon, man- 
ganese and carbon, to take place. 

__ If, as is now considered probable, the carbon is present 
in the iron and manganese carbides at the melting tem- 





perature, then the bath consists of iron «nd manganese 
carbides in eutectic constitution, iron particles more or 
less carburised and silicon in molten iron silicide. It 
may be that the iron and iron silicide are present as 
liquid crystals and are surrounded by the fluid composite 
superheated eutectics of iron and manganese carbides 
and iron phosphides. At any rate, we know that if the 
molten metal be allowed to solidify, the carburised and 
siliconised iron crystals are the first to solidify, being 
followed by the eutectics of carbon, iron, manganese and 
phosphorus. Quenched from the molten the structure 
of the hypo-eutectic alloy consists of silico-austenite 
crystals in a meshwork of eutectic. (See Fig. 13). 

During the first or melting period the furnace tem- 
perature is kept above that of the fusion point of the 
molten pig. As refining progresses and the carbon 
content of the bath metal is reduced, the melting point 
of the lower carbon metal must be raised progressivel 
if this is to remain liquid. When, however, the bat 
has dropped in carbon to about 2 per cent. and the boil 
is well on the way, the chimney damper is lowered and 
the furnace temperature falls to a point which is prac- 
tically that of the commencement of solidification of 
the partially refined metal. 

We are now entering the second phase or stage of the 
process, and this is carri d on at temperatures below 
the melting points of the iron now rapidly losing its 
carbon. The primary iron or austenite semi-liquid 
crystals are now surrounded by liquid metal probably 
of eutectic composition, covered and inter-penetrated 
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by the liquid iron silicate slag. The eutectic borders 
of the plastic iron crystals are now the scene of action 
and, as the eutectic loses its carbon in the reaction with 
the fettling oxides the plastic crystals become the nucleii 
on which the newly-reduced iron is deposited. 

As the iron “‘ comes to nature ” the primary and feebly 
carburised iron crystals grow, the vitally important fact 
being that the successive layers as they become deposited 
on the primary crystal nucleii are increasingly pure. 
As we enter the last stage there is no longer any liquid 
metal. The whole of the eutectic iron has lost its carbon 
and the charge has been converted into a mass of plastic 
iron lying in a bath of cinder or slag. To keep it in a 
weldable condition the temperature of the furnace has 
now risen, and if waste is to avoided, the iron must be 
balled and withdrawn to the shingling tools with the 
least possible delay. If not, the trouble already described 
as resulting from magnetic oxide will follow, and the 
iron in the puddled bloom will be contaminated by the 
ferric silicate slag. 

In the open-hearth steel process the whole of the refining 
is performed whilst the metal being refined is molten. The 
refining oxide slags act upon a liquid metal throughout 
the operation, and when the steel is solidifying in the 
mead ( the primary crystal nucleii are lower in carbon 
than the envelo which progressively congeal upon 
them. The steel adjacent to the boundaries of the 
crystals is, therefore, the richest in carbon, a result which 
is the direct opposite to that which occurs when puddled 
iron is } 

It is‘true that in dead mild steels the carbon content 
of the boundary zones of the crystals is low, but the 
inevitable presence of ferrous oxide and gaseous inclu- 








sions in ingot iron cast at tem ures and finished at 
temperatures much above the fusion point of iron intro- 
duces dangers which are revealed later whenever such 
ingot iron is worked in the region of the critical range 
(750° to 800°C). 

The presence of slag in wrought iron would seem to 
enable the iron transformation in the critical range 
(750°800°C) to freely take place without causing such 
internal or intercrystalline strain as occurs in ingot iron 
which has cooled from the molten state. Further, it 
must be remembered that puddled iron never cools past 
the critical point dangerous to “‘ Armco” iron except 
after it has been squeezed, forged and rolled. Moreover, 
the method of growth of the puddled iron crystals 
during the plastic state is possibly fundamentally different 
to that of mild steel crystals from the molten. 

In the foregoing note on the theoretical explanation 
of the mechanism of the puddling process it will have 
been evident that the first or melting stage of the opera- 
tion is the same as occurs in the open-hearth steel 
process. A reference to the Carbon [ron Equilibrium 
diagram is helpful in more clearly understanding the 
— which have been emphasised. This diagram has 

een reproduced in Fig. 12. 

Pig-iron of, say, 3-6 per cent. melts at about 1210 C 
(point a). If the puddling furnace temperature is 
1350 C the metal is superheated beyond its true fusion 

int and, in the presence of molten ferrous oxide 
fettling (which melts at from 1100 to 1150 C) refining 
commences. Silicon, manganesé and phosphorus are 
reduced by the slag and the carbon content falls until 
the point is reached, when the alloy, whose fusion point 
corresponds with the furnace temperature, viz.: the 
metal containing 2 per cent. of carbon, forms the metal 
bath (point # in the diagram). 

The carbon fall in the super-heated metal is indicated 
by the ascending portion of the melting point curve 
between the points a and 6. The amount of superheat 
is shown by the shaded area. If the furnace is kept 
at 1350 C (line zz) further decarburisation is impossible 
in the perfectly liquid state and from this point of the 
process onward the carbon elimination is accompanied 
by the separation out of viscous or plastic crystals. 

The first such plastic crystals to form have the com- 
position—0-8 per cent. carbon (point d). They 
appear in the midst «f a liquid matrix of superheated 
eutectic. The reactions between the slag and this 
matrix continue, further plastic crystals being con- 
tinually adided to the bath. If, as happens in praetice, 
the temperature of ths bath is drop to, say, 1250 C 
(line yy) the fresh iron crystals formed are of a still 
more solid character and apparently grow by accretion 
on the primary crystals already formed as nucleii. 

The less eutectic matrix there is to draw from the 
more carbonless are the plastic crystals, until there is 
reached the stage when the reduction of the iron in the 
fettling slags provides the last of the iron grains, the 
carbonaceous furnace gases during the “smother” 
period being the oniy medium for this reduction. 

lt is obvious that, during the second stage of the 
refining, in the mushy or viscous period, mechanical 
action is necessary in order that the newly-forming 
crystals of iron can be prevented from clotting and also 
that the eutectiferous matrix can be thoroughly mixed 
with the molten oxide of iron by means of which it is 
decarburised. 

By such examination of the puddling process in the 
light of modern research it is clear that the two distinct 
stages are susceptible to two plainly separate treat- 
ments, the one in an efficient melting furnace ; the other 
in a furnace specially designed to give the necessary 
mechanical agitation for mixing thoroughly the molten 
oxides and eutectiferous metal, and for balling together 
the plastic crystals as they are formed. 











Tasre IIL. 
| 
— A. B. Cc. 
Fixed charges 9-60 14:40 19-20 
Running costs 14-60 21-90 29-20 
Fuel costs 75-80 105-40 135-00 
Total per hour (compara- 
tive)* é oe oe 100 -00 141-70 183-40 








A. Furnaces running full time. B. Furnaces running } time, 
C, Furnaces running } time. 


* Exclusive of costs of pig-iron, puddling wages, iron and 
fettling wastes. 


Note on the Basis of Puddling Costs.—In arriving at 
comparative figures for the costs of the several processes 
described it has been recognised that in any true estimate 
of puddling costs—i.ec., that of the puddled-bar—the 

uddling furnace must be conside as the central 
actor. 

It is the pivotal tool to which all the other details of 
the puddling forge—the shingling, rolling, &c., are 
accessory. The cost of forge management, of puddled 
bar rolling, of shingling, lighting, engine driving and 
boiler attendance, ash removal and general forge labour, 
and of the fuel burnt, devolve upon poe po gee J furnace. 
Hence the cost per hour, inclusive of all these items, 
with the addition of the fixed establishment charges 
(inclusive of interest, depreciation, renewals, rates and 
taxes) must be that of each furnace. The cost r 
furnace hour has been taken as the basis of cost. When 
such an estimate is made the wastefulness of running a 
puddling furnace spasmodically, or on low outputs, is 
revealed. 

The author has examined the case of a ten furnace 
forge equipped with the necessary shingling and rolling 

lant. In the table above the relative costs per furnace 
our when full time, three-fourths and half time are 
worked, are shown. These figures indicate the serious 
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loss sustained when furnaces are worked “ short handed,” 
or when the puddlers are losing time. 





APPENDIX. 
Norge on Fuser Economy. 


Effect of I ing nt and Furnaces Used in the 
Manufacture of Wrought Iron.—In the year 1905 the 
output of puddled iron in the United Kingdom was 


nearly 1,000,000 tons. That of finished iron and of the 
steel rolled into finished bars, &c., in ironworks, was 
nearly 1,250,000 tons. Ten years later the were, 
roughly, same. It has been stated that the coal 
required in the production of a ton of iron bar of av 

size from the coke oven to the reheating furnace for the 
finished bar is over six tons. ms amaryl one-third 
of this amount goes to the blast furnace, one-fourth to 


the puddling operation, one-third to reheating opera- 
dena, and the remaining one-sixth to auxiliary needs 
( rt, sh , sawing, straightening, &c.). 


Apart from the blast furnace needs the national total 
fuel expenditure on the making of wrought iron bars, 
&., may be taken as at least 5,000,000 tons of coal per 
annum. 

If the whole of our iron works were properly equipped 


and provided with efficient furnaces and modern econo- 





mical rolling and mani g 'y, there is 
strong ground for the statement that from 2,000,000 to 
2,600, tons of coal could be saved annum. In 


addition to this, it is not an exaggeration to say that 
at least one-fourth of the present labour costs could be 
saved by installing thoroughly up-to-date _ (the 
saving being per ton of product and based on 
the higher outpute per furnace or mill-hour in efficient 
quick-running plants). : 


APPENDIX. 


Nore oN THe PRESENT PosITION OF PUDDLING AND 
Iron-Roiuine Piants. 


In many, if not in most works, the lay-out of the 
plants is appallingly crude and wasteful. 

In some cases the shops are low-roofed and badly 
ventilated. Not infrequently one batch of puddling 
furnaces is exposed to strong winds from the prevailing 
quarter, another being screened therefrom ont the men 
work in close and currentless atmospheres. 

A majority of the works have grown slowly, one shop 
being joined up to another, as circumstances and finances 
permitted. Often such a works has been built up 
without regard to any definite plan ; hence the roadways 
are frequently narrow and tortuous. Where canal 
traffic has been almost entirely relied upon for the inlet 
and outlet of all raw and fin materials, the canal 
docks and basins commonly cut across areas which 
should have been available for road and railways. 

The favourite lay-out of a puddling forge and bar-mill 
was that of a central engine driving a nest of gears. | 
On the one side of the was the forge train, on the | 
other the merchant mill, the two roll trains being prac- 
tically in line. Someti a lier mill was placed 
beyond the merchant train, driven by an underground 
shaft from the central nest of gears. 

The puddled bars were sheared at a point between the 
forge and merchant mill, giving close delivery of bars 
to the merchant mill furnaces. Generally the cutt' 
down shears ett ee from the central nest o 
gears. Any breakdown of the engine or gear nest sto 
both pudding forge and mills. ms os gh) 

In the early days the shingli: 
also driven by the same canted engine, further com- 
plicating affairs whenever an engine or -wheel 
breakage occurred. When the gear-driven helve was 
displaced by the steam shingling hammer, this tool had 
perforce to occupy a position corresponding to that of 
the helve—é.e. near to the gear nest. 

-The ground vibrations set up by the helve were bad 
enough, but when the more powerful steam hammer 
appeared the influence of continuous shocks on the engine 
and gearing fou :dations can be imagined. To counter- 
act this vibrational difficulty the bed-plates and bearings, 
shafts and gears were made of massive proportions and, 
as it was impossible to prevent creeping movements 
both endwise and transversely of the mill train and 
gearing shafts, the Wows 
provided with means to ° 
ments. The bearings were of crudest forms and 
lubrication by suet and blocks was the only 
method practicable. The shaft journals had to get 
warm enough to melt the suet and then cold water 
streams over the necks (whose upper surfaces were left 
open) were employed to prevent firing, the two melting 
and cooling operations proceeding simultaneously. 

So serious was the creeping trouble and the friction 
produced by the end and side thrusts on the collared 
journals that often the power taken to drive a normal 
mill and forge train light was over one-third of the total 
effort required to drive the loaded machinery. It was 
no unusual thing for the shait and "aged friction to bri 
the central engine to a stand. The massive flyw 
of course, was the saviour of the situation in these old 
drives. Its weight helped to keep the foundation plates 


steady, though, in most cases, S on the 
bearings per yy inch was pheno ly high. 

The author has seen in such plants above described, 
the mill and forge trains ing when inches out of 
line (taking a line from end to end of the mill and fo 








helve or squeezer was 


or shaft journals were 
= the creeping move- 
C) 


trains). In one case the levels also were so bad that 
main connecting rod of the central beam ine was more 
than five inches out of plumb, the c pin having 


worn conical in adjusting itself to the conditions. 

In‘ these old engines the condensing water, drawn 
directl Fe et Se aie oe See Cael, Wen 5 Se eee 
possible description. In a case which came under the 


| * gigantic go 


| from British Insulated and Helsby 





authorities’ notice eels have been caught in the region 


of the condenser foot-valves. Such water, after doi 
service in the condensers, is not infrequently pum 
directly into the boilers. It is not surprising that three, 
and even four-inch blow-off cock; were found to be 
on the old boilers serving four puddling 
furnaces, and that low pressures were the order of the 


day. 

= of the old plants described have gone, but some 
remain. It cannot be supposed that any industry to-day 
can on with such tools much longer. When 
modern steel mills can produce a ton of bars with one- 
fourth of the power cost in steam and one-third at 
least of the fuel used in ordi 
possible, in face of the growing 
taxes, and fuel costs, to produce iron as a competitor 
of mild steel, unless a thorough rooting out of old waste- 
ful methods is persisted in. Even if the capital value 
of the old machinery and plant is written down to nil, 
there can be no chance against a works laid out Lage oe f 
and equipped with efficient furnaces and driving plant, 
using Rotkeuioa aids to puddling, shingling, rolling and 
transport of material. 


iron works, it is im- 





CATALOGUES. 

Concrete Mixers.—A series of portable concrete mixing 
machines, driven by petrol or light oil engines, is described 
in @ catalogue issued by the Chain Belt Company, Mil- 
waukee, Winconsin, U.S.A. The driveis by a chain poaane 
round the drum on which the sprocket ring is fixed in 


sections. The importers of the machines are Messrs. | 


Gaston, Limited, 20, Bishopsgate, E.C.2. 


Stoking Machines.—The chain grate stoker made by | 
Ed. Bennis and Co., Limited, Bolton, is very | 


Messrs. 
fully described and illustrated-in a special 40-page 
catalogue just issued. This is a revised edition of the 
previous catalogue, and a good deal of useful practical 
information about stoking is given, especially as to the 
economical burning of slack and inferior fuels. 


Magnetos.—A series of British magnetos is shown 
in a neat little catalogue issued by the British Lighting 
and [Ignition Company, Limited, 204, Tottenham Court- 
road, W. 1. About 25 machines suitable for motor 
cycle, automobile, marine and aircraft engines and large 
fixed gas engines are illustrated and described. The 
catalogue shows how thoroughly this firm has provided 
for a very wide range of different requirements. & 


Road- Making Plant.—Portable machines for breaking, 
screening and dumping stone for road making are the 
subject of a special catalogue received from the Western 
Wheeled Scraper Company, Aurora, Illinois, U.S.A. 
The aim is to embody well-known methods of rock 
t) ing, gravel screening and haulag 
which may work on the road or to and from any adjacent 
sources of supply. The catalogue mentions that a 

-roads programme ” has been undertaken 
in the United States following on the war. 


Paper Pinions.—The advantages of using compressed 
paper pinions in toothed gearing are well known to mill- 
wrights, though the use is not so extensive as it might 
be. The reduction of noise is a comfort to man and a 
considerable working gain to machinery. A catalogue 
ables, Limited, 
Prescot, Lancs., gives some iculars, with illustra- 
tions, of a variety of pinions, and also illustrates a 9-in. 
triple ram Tangye pump driven by a paper pinion 
on the main shaft and a cast-iron spur wheel on the 


in machi 





c t. Useful key and gear tables are given to 
enable ise inquiries to be made. The pinions are 
supplied finished or in the form of blanks. 


Gear-Cutting Machines.—The Sunderland gear planer 
was described in our columns, vol. CLV, 617. A 


| catalogue received from Messrs. J, Parkinson and Son, of 


Shipley, describes seven machines: four for cutting spur 
= —= and three for cutting spur or spiral gears. 

hese will cut teeth on wheels up to a maximum of 
8 ft. 6 in. diameter, 10} in. face, 2} in. circular pitch 
or 1} diametral pitch. Cutters are stocked for teeth 
from 16 to 1 diametral 1. A number of gear-testing 
jigs also made by this firm, will give a graphic 
record of tests indicating faults either in the thickness 
of the teeth or eccentricity of bore in relation to teeth. 
Some very favourable production times are quoted for 
gear cutting, 


Mechanical Lubricators.—The manufacture of a pump 
lubricator, with all parts made to standardised dimen- 
ions, has been very thoroughly carried out by Messrs. 
A. W. Richardson and Son, Limited, Ashton-under-Lyne. 
The drive is by a small rocking lever acting, through pawl 
and ratchet, on a reciprocating pump, which gives a posi, 
tive delivery of six drops of oil per revolution, or more or 
less within a range of setting. The details show that 
the design is b: on a careful study of the factors that 
have made some of these apparently simple mechanisms 
a failure in the past, and the catalogue is worth attention. 
The pump is offered as suitable for steam lorries and 
traction engines, which are severe tests, especially in 
liability to rough usage and the intrusion of dirt. 

Aluminium Casting Alloys.—Cast-iron has properties 
which make it the most suitable metal for casings of 
cylinders, for crank-cases, and also for axle castings, 
where the casin, g is not a mere cover but a part bearing 
some appreciable share of the general stresses on the 
whole structure. Consideration of weight forbids the 
use of cast-iron, in aircraft absolutely, and in motor cars 
to some extent. Aluminium, inits ordinarily pure state, 


is a much less satisfactory substitute than when m: 

by mixing with other metals. Five such alloys, for 
various classes of work, are described in a catalogue 
issued by the British Aluminium Company, Limited, 


bour costs, rates and | 


109, Queen Victoria-street, E.C. 4. The 
methods of use of these alloys are explai in practical 
terms, and a number of illustrations aie given of examples 
of work for which the alloys are specially suitable. The 
ne also contains other information of practical 
value. 


Searchlight Reflectors.—The manufacture of reflectors 
| in large quantities was greatly developed during the war, 

notably by Messrs. C. A. Parsons and Co., Limited, 

Newcastle-on-Tyne, who send a special catalogue describ - 
| ing the process. The glass is sil vered chemivaily on the 
| back and this is covered with an electro deposit of 
| copper and a final covering of varnish or paint, or lead 
, and wire backing. These layers must stand for a con- 
siderable time the attacks of damp, heat, salt water, &c., 
| and in some cases the fumes of oil fuel. The parabolic 
| reflector gives the usual beam of light; the parabola- 
| ellipse gives a flat beam for lighting harbours, etc., or 
| throwing a light through a narrow loop hole so as to 
| give the least exposure of the reflector to attack; a 
| third variety is a split reflector hinged vertically through 
| the centre to throw two beams of light and leave a 
dark middle patch. Tnis latter type may be usad to 
—_ the sides of a canal without dazzling the eyes of a 
| pilot coming in the opposite direction. A large list of 
| sizes, &c., is given. 


ualities and 





War Record.—The war book issued by Messrs. Cammell 
| Laird and Co., Limited, contains about 40 coloured 
| full-page illustrations and 8 pages of very concise letter- 
| press. It is therefore no attempt to make the most, or 
even much, of the eventful five years’ wo.k done by the 
| firm, which has three large steel and engineering plants 
at Sheffield, and shipbuilding and engine works at 
Birkenhead, on a scale suitable for the largest naval and 
mercantile shipbuilding and repairing. In addition to 
working these plants at full pressure during the war, the 
firm erected an additional steel-making plant on a large 
scale at Sheffield; designed, equipped and managed a 
** National Factory’ at Nottingham, for 6-in. and 9-in. 
shells, and afterwards removed the plant and transformed 
the factory for gun-making. Finally the firm established 
a special engine and boiler-repairing branch at Devonport 
Dockyard, at which they overhauled and repaired the 
machinery of 85 transports, and other fleet auxiliaries, 
and 15 merchant vessels. The firm deals chiefly with 
the largest naval and merchant ships, and the heavier 
class of work, including armour plate, but have also a 
capacity for making 6,000 tons of axles and forgings, and 
2,250,000 files per year. The machine-tool plant includes 
a full equipment of machines suitable for work on the 
largest steel castings and forgings. The illustrations in 
the catalogue include views of battleships and other naval 
vessels, ranging to submarines; channel passenger and 
train ferry ships; and of the casting, rolling, forging and 
machine shops. The book is of great interest, though it is 
no more than a brief note of the work accomplished. 
It must be said, though no such claim is mentioned, 
| that it is evidence of a highly-developed organising 

taculty on the part of the directors and the general 
technical and commercial staff. 


| 





ELECTROLYTIC OXIDATION OF IRON AND COPPER.— 
Most methods of depositing protective and decorative 
oxide layers on iron and other metals are slow. Direct 
oxidation by plunging the piece into fused sodium 
nitrite or alkall picrate is expensive and, in the latter 
case, very dangerous, since metallic picrates are more 
sensitive even than the free picric acid. Sestini and 
Rondelli, of Bergamo, Italy, hence tried during the war 
to find substitutes for picric acid in this treatment. 
They found quite a number, but ascertained also that 
the electrolytic treatment in caustic soda was far more 
expeditious and satisfactory and less expensive. Accord- 
ing to a rather discoursive article by L. Révillon in the 
Revue de Métallurgie, 1919, pages 257 to 268, the caustic 
soda is heated, by gas or coal, up to 200 deg. C. in steel 
cells ; the cell, or a perforated trough, is the cathode, 
plates of iron form the anodes. When current is passe. 
rhodium ferrite is formed by the solution of the anodes, 
the current being taken from low-tension dynamos at 
2 volts or less. The piece, which may be rusty, and 
is not especially prepared, is cleaned in the bath itself as 
cathode; the current is then reversed, and the reduced 
iron is oxidised; under ordinary conditions a dense 
black coating of etic iron oxide is formed. To 
obtain other colours—bronze, violet, brown and yellowish 
coatings, certain additions (not specified) are made to 
the bath. The whole treatment, apart from a secondary 
colouring: process in the same or a similar bath, does 
not occupy more than eight minutes. The pieces are 
withdrawn from the bath, washed in water (which is 

| returned to the soda bath), dried, and dipped in oil at 
180 deg. C., the oil baths being arranged parrallel to 
the soda baths. The magnetic oxide is said to harden 
considerably in a few days, when the articles are exposed 
to light; parts kept in the dark do not harden to the 
same extent. Copper objects are similarly treated. 
The first cleaning or reduction process may alone be 
applied in three stages; in the stage the oxide is 
uced and hydrogen and iron are deposited on the 
iron ; the current is then reversed to oxidise the hydrogen 
and iron deposited, and reversed once more, in the third 
stage, in order to obtain a clean iron, coated with iron, 
but free of hydrogen, it is claimed. In this state the 
iron is said to be very suitable for wire drawing and 
enamelling, the traces of soda adhering to the metal are 
said to be advantageous. Révillon’s estimate of the 
cost of the process is exceedingly low. Works for 
bronzing revolvers and other arms, parts of automobiles, 
and for colouring apparatus and art objects are said to 
have been started in Italy and to be planned in England 

and France. 
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ELECTRICAL APPARATUS. 


132,700. H. Moss, Bradford. Couplings or Connectors. 
(3 Pigs.) January 9, 1919.—This invention relates to improved 
lil ting means for wires and cables for carrying 
broadly, comprises a block of insulating 





pling or 

electricity which, 
material having one side open or partially so to give access to 
an op2n metal jaw seated in the said block and provided with 
clamping means, which serves to make an efficient joint or 
connection, and at the same time tend to hold the said jaw in 
its insulated block. A is a block of insulating material, for 


A 
8 
(132 700) 


comme porcelain, and in a single form of connector, one side of 
the block is open as at Al, and is provided with a lip ed recess 
in which is seated a metal jaw B. The metal jaw Ss open at 
each side and similar openings are formed in the ‘insulation 
block A to allow a wire or cable to pass from side to side of the 
device, A serew C is passed through the block into the jaw B 
and forms a mzans of gripping or clamping wires in the device, 
and also for securing the jaw in position in the block. (Accepted 
October 1, 1919.) 


132,665. The British Lighting and Ignition Company , 
Limited, London, and A. E. Bennett, London. Magneto 
Machines. (1 Fig.) November 14, 1918.—The invention 
relates to magneto electric hi and ists in improved 
means for securing the pole shoes of the magnets in their required 
positions. According to the invention, no screws are required 
at the upper ends of the pole shoes which are held in position 
against a non-magaetic member dispo between the magnet 
limbs, solely by the pressure exerted when these limbs are sprung 
over the shoes. The non-magnetic member serves also as a 





means for securing the magnets to the housing. The lower ends 
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of the pole shoes are, preferably, secured to the base plate in the 
usual manner. e pole shoes Al, A2, of the magnet B are 
secured to the base plate C of the magneto by screws. E is a 
U-shaped member of non-magnetic metal forming part of the 
magneto housing. The free ends of the member E abut against 
flanges of the pole shoes and determine their positions. The 
limbs of the magnet B when sprung over the pole shoes force the 
flanges of the pole shoes into contact with the ends of the member 
E against which they are held firmly. The magnet is secured in 
position by a screw F, passing through the centre of the arch of 
the magnet and screwed into a boss ee in the supporting 
member E. (Accepted October 1, 1919.) 


GAS ENGINES, PRODUCERS, HOLDERS. 4c. 


130,949. C. J. Watts, Southampton. Internal-Com- 
bustion Engines. (4 Figs.) April 23, 1919.—This invention 
relates to an apparatus for supplying internal-combustion engines 
with air or gas or a mixture of the two moistened with water, 
preferably water taken from the engine radiator. The apparatus 
may be broadly described as consisting of a container or holder 
having fitted within it a spring-controlled valve, said container 
being connected to the moisture conveying pipe at one part and 


Fig.7. Fig.2 
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normally closes the 
ranning there will be suction 
nected to the engine intake or if desired 





cylinder. The spindle of the lift valve i has a ring or plete A2 
fixed to it, and is threaded at both ends. The lower end is 
screwed through the perforated plate f. A cross-cut is provided 
in the upper end of the spindle and by the application of a turn- 
screw the spindle can be rotated after the cover is in place, and 
by this rotation very fine adjustment of the springs, pressure on 
the valve is obtained, thereby permitting the valve to be set to 
precisely suit the engine to which it is fitted, the said adjustment 
may be made whilst the engine is running. (Sealed.) 


132,753. F. H. de Veulle, Handsworth, Birmingham. 

- (6 Figs.) May 9, 1919.—This invention relates 

to carburettors for internal-combustion engines. According to 
this invention, the fuel is supplied to a passage with closed ends 
drilled tangentially in the wall of the spraying chamber and 
breaking through into the latter, At this point there is arranged 
some device for pulverising the fuel, such as a rod with threaded 
or roughened surface or roll of gauze, around which the fuel 
flows. The fuel is supplied to a well A below the spraying 
chamber B. In the lower wall the passage C is drilled tan- 
gentially, at the part of the smallest bore. This passage is 
drilled so close to the centre or axis of the spraying chamber 
that it breaks through into the latter near its centre, forming 
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a slot communicating with the interior of the spraying chamber. 
The ends of the passage are constituted by holes nm the wall of 
the spraying chamber, one of which may be blind or both may be 
threaded to receive plugs D. Into this passage is inserted the 
spraying device referred to, being retained by the screwed plug or 
plugs D. The fuel enters the passage C at or near the centre 
hrough ducts E at one side, generally beneath as shown, and has 
to pass round the spraying device to reach the interior of the 
spraying chamber. In one case the spraying device comprises 
a rod F (see Fig. 2) reduced between its ends, or a rod screw- 
threaded or provided with right and left-hand grooves or plain 
circular grooves. Or alternatively a roll of gauze may be used. 
Any one of these spraying devices is placed in the passage C and 
retained by the plugs D. (Accepted October 1, 1919.) 


MINING, METALLURGY, AND METAL WORKING." 


| the furnace has its bed heated by means of the duct B in such 
a way that the temperature gradually increases from the inlet end 
to the centre, where it reaches a maximum, from which point 
the temperature falls more or less rapidly towards the outlet 
end. Coal is fed in by the hopper G and carried upon the con- 
veyor F in the direction of the arrowf. As it traverses the length 
of the hearth, the coal is subjected to a rising temperature and 
gives off distillates requiring successively higher temperatures to 
distilthem. The coal, after having reached the hottest portion 





of the furnace at Al, cools in passing from that point to the 
discharge outlet, and is discharged through the hopper G1 at a 


sufficiently low temperature to be exposed safely to the atmo- 


sphere. duct B serves therefore to produce successively 
increasing temperatures in the charge from the point of entry 
up to the point Al. If desired, ducts, as indicated by way of 


ustration in dotted lines at Bl, may be formed in the st: ure 

to — heat from the coal as it cools and supply heated air 

and/or gas for the duct B ;, or this waste heat may be applied{to 
(Accepted October 1, 1919.) 

132,616. 

Electric 


J. Bibby, London, and J. O. Boving, London. 
Blast Furnaces. ft Fig.) September 20, 1918.— 
This invention relates to electric blast furnaces in which piypeace 
current is utilised to produce heat by ohmic resistance ween 
electrodes entering the charge. The ing current is derived 
from three “yr transformers or one wey ar trans- 
former having pr windings a connected in star or delta 
arrangement, and secondary windings b, which have their neutral 
points connected thro leads bl, b2 and b3, so that the resulting 
current phases the six electrodes ¢ of the furnace 
aremaintained in d — relationship. The electrodes c 
are connected to the te is d, dl of the respective secondary 
windings b, and the arrangement is such that oppositely-disposed 


any other useful purpose. 
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132,744. F. A. Anderson, Kensington, London, M. 
, Whatstandwell, near Matlock, and N. P. W.) 
rg London. Furnaces. (2 Figs.) A t 14, 1918.— | 
This invention relates to a construction of furnace suitable | 
for the distillation of coal and substances such as shale. Accord- | 
ing to the present invention, a tunnel or other furnace for the 
distillation of coal of the kind pesaene with inverted pockets 
in its roof to collect diverse distillates, is characterised by one | 
or more of the pockets being _— with a sloping roof whose | 
gradient from the higher end downwards is in the direction of | 
the forward travel of the fuel beneath it. The furnace is con- 
structed with means to cause the material fed to it through a | 
hopper G, to traverse the bed in the direction of the arrow i; 
and while being thus forwarded, to be subjected to successively 
increasing temperatures up to a maximum, but preferably also 
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then to be allowed to cool within the furnace after having reached 
the said maximum. As embodying the present invention the 
under surface of the roof is formed as shown with cavities C, 
which give the surface a saw-tooth shape and which constitute 
inverted pockets into which the gaseous distillates rise and are 
collected. The slope of the pockets is in the direction shown in 
the drawings, with the higher point in each nearer to the inlet end 
thanthelowerpoint. The highest point of each cavity is provided 
with a discharge duct D, and the duct is connected to an exhaust 
fan or other pump E. When material is treated in this furnace 
the pockets C become charged with diverse products, the position- 
ing and heating of the windings of the duct B in the bed of the 
éurnace being so chosen and controlled as to attain this result. 
The fans E are set in motion, if necessary, and driven at such 
a rate as to maintain a uniform gaseous pressure at all points 
in the roof, and thus prevent overflow of gas in one — 
from that pocket into the next. (Accepted October 1, 1919.) 


132,576. F. A. Anderson, K: 
Deacon, Whatstandwell, near Matlock, and ° ° 
Brady, London. Furnaces. (2 Figs.) August 14, 1918,— 
This invention relates to a process for the distillation of coal. 
The present invention poovthes a process for distilling coal con- 
sisting in causing it to traverse a closed chamber, and, as it 
P through the chamber, first heating it to successively 
increasing temperatures up to a maximum and then —_- 
its continued Gene within the chamber down to a er 
temperature. furnace is constructed with a bed A, in the 
substance of which there is i | duct B, of zig-zag formation. 
Heat is supplied to this duct. mechanically-operated con- 
veyor F is provided and constructed to travel the hearth 
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electrodes are connected to the secondary terminals by the leads 
cl, @. In some cases the leads bl, 62 and 63, connecting the 
neutral points of the transformer secondaries may be earthed, 
or the neutral i of the secondaries may be connected in any 
of the poones d ways to suit particular requirements. By 
connecti: he windings in this way, the several phases are 
anchored together, so that instead of three single independent 
phases, there is virtually produced six phases of fixed and definite 
relationship. Consequently, under normal conditions the heating 
is r ar throughout the heating zones, so that the efficiency 
and life of the furnace is considerably enhanced. Moreover, 
should one of the electrodes be disconnected or injured in any 
way, the other five electrodes will operate as a temporary five- 
phase heating system. (Accepted October 1, 1919.) 
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MOTOR ROAD VEHICLES. 

132,669. F. R. Simms, London, and Simms Motor 
Units, Limited, London. Pressure-Feed Petrol ° 
(1 Fig.) November 19, 1913.—This invention relates to liquid- 
According to the 


level gauges for pressure-feed petrol tanks. 
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from the inlet end to the discharge end. and 
charging hoppers are provided at G and G1 respectively. In use, 





842 








wheel will be correspondingly rotated. The lower part of the i 


gauge is in direct connection by means of a pipe with the petrol 
tank, and fn order that the petrol shall be of the same height in 
the body of the gauge as in the tank which is under pressure 
the upper _ of the tank is connected with the upper end o' 
the gauge by means of a pipe which passes through the petrol 


pipe above referred to. (Accepted October 1, 1919.) 


132,657. W. J. Thomas, Soho, Birmingham, and E. G. 
Wrigley and Co., Limited, Soho, Birmingham. Driving 
Road Wheels. (1 Fig.) October 19, 1918.—This invention 
relates to the mounting of rear or driving road wheels on the 
back axles of motor vehicles. The invention comprises the 
combination with the wheel hub d, of a hollow extension c, which 
is supported at a position near the whee! by a ball bearing carried 
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132 657) 


in the fixed hollow axle or case enclosing the driving shaft, and at 
its opposite end is sumeetint by a bush fin the axle. Also the 
invention comprises the provision on the outer end of the dri 
shaft g, of a screwed head 4, which engages an internally-screw 
recess in the outer side of the hub, so that rotation of the screwed 
head relatively to the hub causes the shaft to receive an endwise 
movement for withdrawing or replacing the shaft. (Accepted 
October 1, 1919.) 


132,420. A. Huart, St.Margarets,Twickenham. Chang 
s and Reversing Gears. (3 Figs.) December 24, 1918. 
—This invention relates to an improved change-speed and 
reversing gear of the type in which one wheel is in constant 
engagement with another wheel, the one wheel being keyed to 
its shaft and the other wheel being loosely mounted on a hollow 
shaft, and in which the ere of the two shafts is effected 
a the intermediary of a friction clutch operated by a 
radially-sliding member, which in its turn is under the control 
of a member passing through the hollow shaft, and in which 
adjustable means are provided for taking up the play which may 
have been produced by the wear between the toothed wheels 
and the friction clutches. The present invention consists in a 
change-speed or reversing gear of the type above referred to, in 
which the friction clutch is operated by causing the member 
passing through the hollow shaft to act on a sliding member 
which is partly guided in a hole formed in the hollow shaft and 
in a hole formed in one of two parts constituting the movable 
member of the friction clutch, the said sliding member being 
provided with lateral arms which penetrate between the said 
two parts of the movable member of the friction clutch. Accord- 
ing to one mode of construction, the various driving pinions 
al, a2, a5, a4, of the gear are loosely mounted on a hollow driving 


shaft , and are in permanent engagement with the respective 
toothed wheels cl, 2, c5, e4, secured to the driven shaft d. Each 
driving pinion is formed integral with or has attached to it, a 
casing el, e2, ¢5, e4, respectively, adapted to constitute the one 
member of the friction clutch associated therewith and to accom- 
modate the other member /1, 2, f5, or f4, thereof. The hollow 
driving shaft b encloses a member J, hereinafter referred to as the 
“clutch controlling member,” which is keyed to that shaft in 
such a manner that it shall rotate therewith whilst being capable 
of being moved in its axial direction relatively thereto. The 
clutch controlling member g (see Fig. 2) is provided with a 
ey of longitudinal grooves corresponding to the number 
of friction clutches or pairs of co-acting wheels, into each one 
of which grooves projects an adjustable member, preferably 
consisting of a screw which is.screw-threaded in a Conevens 
hole of the clutch controlling member. When in its operative 
position, the projecting screw abuts against a corresponding slidin; 
member k, which is guided in a hole formed in the hollow s' 
and in another hole formed in one of two parts of the movable 
member fi, f2, f3, or f4, of the friction clutch, and which carries 
two movable arms m, n, to co-operate with the two parts 
of the latter, movable member, in such a manner that when the 
said 4 ber & is operated by the corres projection 
on the latch controlling member g, the two parts of the movable 
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PUMPS. 

132,469. ™ pap ereste Engineering Com y, Limited, 
Chester, and R. Calvert, London. Hydraulic Pumps. 
(2 Figs.) April 30, 1919.—The invention relates to hydraulic 
pumps for power purposes. A is an oscillating dise journalled 
on the crank-pin B of a crankshaft C, which is driven by a worm 
wheel D engaging with a worm on a spindle driven by an electric 
motor. El—E® are pump casings disposed on a bedplate and 











arranged symmetrically round the crankshaft. A master 
thrust bar F4 is secured to the oscillating disc A by bolts, the 
other bars are pivoted to the disc as shown. The outer ends of 
the thrust rods terminate in balls engaging with corresponding 
sockets forming part of plungers J1, which operate in liners K1 
inserted in the pump casings. In connection with each pum 
casing, a suction valve Ll and a delivery valve M1 are provided. 
( Sealed.) 


STEAM ENGINES, PRODUCERS, HOLDERS, &c. 


132,400. William Beardmore and Co., Limited, Glasgow, 
and A. Blake, Glasgow. Vertical Multitubular ers. 
(6 Figs.) November 21, 1918.—The invention relates to vertical 
multitubular boilers of the type having a conoidal fire-box 
surmounted by a circular wet-back combustion chamber from 
which radiate fire tubes to the shell to which it is eccentric. 
According to the invention, the fire tubes A are made radial 
to the combustion chamber B, and in consequence of the eccen- 
tricity of the latter, the tubes are not truly radial to the shell C, 
but the divergence from the truly radial is reduced to an amount 
which necessitates only a slight increase in the thickness of the 














whole shell plate to accommodate the tubes and permit of their 
being adequately secured therein, this reduction being effected 








member of the friction clutch are forced her apart from each 


furt 
other, whereby an engagement is effected with the second member 
of the clutch. (Sealed.) 


by an increase in the diameter of the shell relative to that of the 
combustion chamber, or by a decrease in the eccentricity of the 
latter, or by both these means. By this construction, those 
landings made in the shell, hitherto necessary for securing the 
outer ends of the fire tubesinit,are avoided. The conical skirt E 


| of the fire-box may be connected to the shell of the boiler by a 


butt ring which forms the peripheral joint between it and the 
shell in usual manner, but to avoid undue extension of the conoidal 
skirt of the fire-box, or an unduly massive butt ring to form the 
peripheral joint between it and the shell, there is preferably 
provided in known manner, for the making of this connection, 
aring G of U or channel section. (Sealed.) 


132,348. G. and J. Weir, Limited, Cathcart, G' Ww, 
and J. Weir, Over Courance, by Lockerbie. 
Delivery of Feed Water. (1 Fig.) September 11, 1918.— 
jezending to the present invention, there is combined with the 
boiler and the feed pump which supplies it with water, a con- 
trolling device comprising a movable restriction plug or member 
placed in the conduit which conveys the water from the pump 
to the boiler and adapted to vary, but never to completely close, 
the area for the flow of feed water from the jae 9 to the boiler, 
the plug or member being acted on by a spring and by the pressure 
in the conduit on the boiler side of the device, the spring acting 
to increase, and the Eom acting to decrease, the aréa for the 
flow of feed water through the duit. The duit A is the 
delivery conduit from the pump, and the flow is in the direction 
indicated by the arrow. The controlling device comprises a 








conoidal plug B carried by a rod which slides through a packed 
opening provided in a detachable cover-plate on the side of the 
conduit A. The cover plate carries a guide bar for the rod, and 
above this is a spring which encircles the rod and bears at one end 
against the bar, and at the other end against a washer which is 
held in place on the rod by nuts. The spring is under com- 
pression and tends to raise the regulating member B. The 
regulating member operates in a part of the conduit A which is 
larger on the inlet side than on the outlet side, and is guided at its 
lower end by a webbed bush secured in the conduit. It will be 
observed that the plug B will not entirely close the conduit A, 
however far it may be advanced into the smaller portion of the 
conduit, but it wil Gacktane the delivery area of the said conduit 
as it is advanced, and increase it as it is withdrawn or raised. 

















The position in which the plug is shown in the drawing may be 
assumed to be that occupied by it during normal working, but 
should the pressure in the conduit A, on the delivery side of the 
plus B, suddenly fall owing to the steam generation in the boiler 

ing suddenly reduced from full to nil, and the float control 
commonly employed operating to open the throttling device, 
the pressure on the — side of the plug B will cause the plug 
to advance against the control of its spring and reduce the avail- 
able area of the delivery conduit A, so that the pump will not be 
called upon to deliver more than it has capacity for, and thus it 
will be prevented from running at an objectionably high speed. 
As the water-lével in the boiler again rises and the pressure on the 
delivery side of the plug B again increases, the plug will recede 
under the control of its spring until the pressures being once again 
approximately equal on both sides it will assume the normal 
position, and the available area of the delivery conduit will be 
at its greatest. (Sealed.) 


130,954. J. G. Robinson, Fairfield, near Manchester. 
Steam Generator Furnaces. (4 Figs.) August 16, 1918.— 
The improvements in steam generator furnaces according to the 
present invention comprise oppositely disposed induction 
passages controlled by dampers and leading to a space imme- 
diately beneath the bottom of the furnace, said space being in 
communication with spaces at the sides of refractory chequer 
brick walls whereby the induced air passes eventually through 
openings at various positions in said chequer brick walls and 
mixes in a heated condition with the pulverised fuel supplied to 
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the interior of the furnace. The furnace is formed of very high 
refractory material, and its bottom is inclined towards a pit 4 
provided with doors b for removing the incombustible slag and 
dust from the pit. The air supply additional to that provided 
for the injection of the pulver! fuel is obtained by the + 
vision of induction pipes or ducts c, which are controlled by 
dampers d, which are adjustable in position. The air induced 
t these d 


to y under the 
bottom of the furnace, and 
aay tee — ai, on the: ———— i 
rom thence hrough openings g parts 
the chequer work walls where, in a heated state jt mixes with the 
pulverised fuel. (Sealed.) 





